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SECTION 1

GENERAL

S1.1 INTRODUCTION.

The purpose of this study is to establish the technical and economic
feasibility of generating 400 Hz power at a central location and distri-
buting this power to aircraft operation, maintenance and training Fa-
cilities at Naval Air Stations (NAS).

4 •At the present time, the 400 Hz power is obtained by use of individual
fixed or mobile units located throughout the Naval Air Stations. It is
propiosed to replace the numerous individual units with a central system
consisting of two or more 60/400 Hz generators operating in parallel.
Due to the long distances between the central location and the various
hangars which require 400 Hz power, it is Impractical to distribute the
power below 600 volts. This study has concentrated on distribution of
the 400 Hz power at 4160 volts. It is this particular application of 400
Hz power at 4160 volts that has not been achieved until now except for
an experimental installation at Patuxent River NATC, Maryland (Refer-
ence Number 1) which has been operating satisfactorily since Novem-
ber 1975.

1.2 TECHNICAL FEASIBILITY.

The investigations concerning the technical feasibility of the system under
study clearly establish that it is quite possible to replace the existing
system with a new centralized system of equal or even superior technical
capability. It must be pointed out, however, that since a given central
400 Hz system would be servicing an entire NAS, its continuous operation
is far more critical than that of any individual unit under the present
system. Hence, only the very best and most reliable components shouldk• be used in the entire centralized system. In addition, special considera-
tion should be given to the design, execution, installation, testing and
maintenance of the system.

1.3 ECONOMIC FEASIBILITY.

The investigations concerning the economic feasibility of the system under
study establish that it is possible to replace the existing 400 Hz system
with a new centralized system of equal technical capability at an econo-
mic advantage. The payback period will vary at each NAS depending
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upon many factors such as the quantity of individual units to be replaced
by the central system, availability of existing spare underground duct or
overhead lines, energy costs, specific construction problems such as dis-
tance between hangars, etc. The scope of work statement which describes
"the work under this sthdy calls for the quality of power of the central sys-
tem to be such as to comply with the requirements of MIL-STD-704B.
Section 2 covers the technological requirements for meeting MIL-STD-704B,
while Section 3 covers the economic feasibility aspects.

1.4 NATURE OF THE 400 HZ LOAD.

1.4.1 Categories.

There are five major categories of 400 Hz loads:

a. HANGARS - Aircraft training, maintenance and testing.

b. PARKING RAMPS (APRONS) - Aircraft testing prior to takeoff.

c. AVIONICS SHOPS - Servicing of electronic equipment.

d. TRAINING FACILITIES

e. SPECIAL REQUIREMENTS - Tacamo (Pax River NATC), Radar Test
Cells (Oceana NAS) (Reference Number 3).

1,4.2 Maximum Demand and Load Diversity.

Results published in Report Number 3-75 entitled "Aircraft Ground Support -
Standardization of Shore based Electrical Servicing ,-stems" dated January
1975 and prepared by ESA- 1182 of Naval Weapons Engineering Support Acti-
vity, were used to arrive at the various maximum demand and load diversity
patterns.

a. Max'mum Demand in Hangars.

Refer to Appendix G for maximum starting and servicing power require-
ments for various type aircraft. Alsc, Report Number 3-73 "Aircraft
Ground Support 400 Hz Electrical Power Requirements Evaluation ",
ESA-742:NWESA dated January 1973, revealed that an aircraft's entire
electrical load is never suddenly applied on the grouod in practical ap-
plications and that the loads are applied in relatively nail steps (see
reference to this statement in Reference Number 10).
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Additional data concerning this topic is covered in Reference Num-

ber 11.

b. Load Diversity of Aircraft.

7 iRefer to Appendix H for load diversity curve.

7 c. NAS Oceana Report - Project ESR #7-74 (Reference Number 12) in-
dicates 18 percent loading on existing motor generators.

d. Avionics shop loads consist of VAST loads, maximum of 40 amperes
each. This load is constant. (See report from visit to NAS Oceana,

Virginia - Reference Number 6.)

1.4.3 Conclusions.

The data referenced in Paragraph 1.4.2 cover all of the available infor-
mation concerning maximum demand load and load diversity patterns at
Naval Air Stations. While the available information is very extensive, it
is not conclusive when the area of interest is extended from a portion of
the total load to all of the loads which may occur simultaneously at an
entire Naval Air Station.

In addition to the data which is available on the fixed Installation, con-
sideration should be given to the use of the mobile equipment. In the ab-
sence of more specific existing data, this study is based on an estimate that
approximately five percent of the available mobile equipment must be added
to the maximum demand load of the fixed equipment.

Using NAS Miramar as an example, and with the above assumptions, theL capacity of the proposed centralized 400 Hz system is as follows:

575 KVA = 15% of 3,830 KVA connected capacity of fixed equipment
+ 325 KVA = 5% of 6,480 KVA total capacity of mobile equipment

900 KVA = Total capacity of 400 Hz centralized system

It should be noted that the mobile equipment is used foi two purposes: where
the 400 Hz distribution is inadequate arid as back-up for any fixed unit which
has failed. Hence, in those stations where the existing 400 Hz distribution
is poor, the requirement for mobile units is high. A review of Appendix D
indicates that on nine NAS' under study, the ratio of fixed to mobile units in
terms of total available KVA ranges from 8. 1 percent to 80 percent; the aver-
age is approximately 40 percent. Analysis of a specific NAS should take into
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account the actual ratios of fixed to mobile equipment when calculating
the capacity of the centralized 400 Hz system. Different weighing factors
must be assigned to mobile power capacity and fixed power capacity, in
accordance with the preceding specific example.

1.4.4 Voltage.

Utilization voltage is 115/200V, 3-phase, 4-wire.
Dlstribution voltage is 4160 VAC, 3-phase.

In computing voltage drop, a maximum length of 16,000 feet has been used
as this Is the largest run encountered. This maximum length occurs at

SPotuxent River NATC, Maryland. It is not practical to distribute P;'ecise
400 Hz power at length in excess of 16,000 feet. Because of the very tight
voltage limits, it is not possible to use the voltage taps on the high voltage
"transfomner to offset losses due to the long runs and thereby possibly exceed
the upper limits of the •nput voltage. From an economic point of view, the
16,000 feet limit would also prove to be the maximum practical length.
Hence, should a particular NAS require a run in excess of 16,000 feet, a
second central 400 Hz power system should be installed, which would serveii the remotest group of load.

1.5 400 HZ EQUIPMENT AVAILABILITY.

1.5.1 60/400 Hz equipment such as motor-generator sets afd transformers are
readily available. Other equipment required for the system such as wire
and cable, switchboards, circuit breakers, etc., designed for use at 60 Hz
may also be adapted for use at 400 Hz, sometimes with a derating factor.
There are no requirements for totally new equipment to be developed speci-
fically for use at 400 Hz.

1.5.2 Various manufacturers were contacted verbally as well as in writing. Letter
dated June 18, 1976, is included as Reference Number 8. Some of the
manufacturers who were contacted are as follows:

Cyprus Wire and Cable Company
General Electric Company
I-T-E Imperial Corporation
ITT - Royal Electric Division
ITT - Jennings Division
Okonite Company
Square D Company
Teledyne Crittenden
Teledyne Inet
Westinghouse Corporation
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The response obtained so far has been limited to Okonite, Cyprus, Tele-
dyne Inet, Teledyne Crittenden, ITT - Rcyal and ITT - Jennings.

Due to the relatively poor interest exhibited by the various manufacturers,
a second letter was generated. This letter is dated August 11, 1976 and is
referenced as Reference Number 9. Outline specifications and associated
questionnaire for each of four major categories of hardware were included
with the letter. The response from those manufacturers has been summarized
in Appendix M.

1.5.3 Notwithstanding the limited4 interest exhibited by the various potential sup-
pliers, it is JB & B's conclusion that there is sufficient equipment and know-
ledge on the application of such equipment at 400 Hz that it is technically
""•sible to install a successful centralized 400 Hz/4160 volt system.

1.5.4 Centralized 400 Hz power systems hive been used at many airports in the
U. S. A. and throughout the world. However, there is no 400 Hz central-
ized system distributed at 4160 volts. A 400 Hz system was recently installed
at the Arlanda Airport in Stockholm, Sweden. This system consists of four
250 KW/312 KVA running in parallel. Any two units can supply the full
load. The control system includes automca~c starting, automatic paralleling,
and automatic generator shutdown. The 400 Hz output of the motor-generator
units is distributed at 1000 volts.

The cost effectiveness of the centralized 400 Hz power generating system has
been proven conclusively at commercial airports. It is JB & B's conclusion
that the same cost effective measures may be successfully implemented at
Naval Air Stations.

1.6 FIELD VISITS.

1.6.1 Field visits were made to obtain firsthand knowledge of operational and main-
tenance requirements at Naval Air Stations. Visits were made to the follow-
Ing:

NAS Oceana, Virginia
NAS Cecil Field, Florida
NAS Miramar, California
NATC Patuxent River, Maryland

1.6.2 Details of the site visits are described in Reference Number 6 - Progress Re-
port Number 2.

1.6.3 Data requested from the Public Works Office at each of the above sites was
submitted in the form of a qucstionnaire which was mailed prior to the actual

s ! .visit. This questionnaire is referenced as Reference Number 7.
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1.6.4 Data obtained from the above visits have been reviewed and a list is in-

cluded in Reference Number 6.

1.7 RECOMMENDATIONS.

JB & & recommends that the centra~ized 400 Hz power generation and dis-
tribution system at 4160V be implemented as soon as is practical at Naval
Air Station facilities for the following reasons:

a. Economic - The centralized 400 Hz power system has an overwhelm-
Ing econ-omic advantage over the individual generator units presently

"ed, as indicated in Section 3 of this report.

b. Technlco'l - The centralized 400 Hz power system offers a higher de-
gre-" oreability and availability of 400 Hz power than individual
generator units.
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SECTION 2

TECHNICAL FEASIBILITY

2.1 INTRODUCTION.

An analysis was conducted as to the feasibility of 400 Hz High Voltage
power distribution based on the availability and cost of suitable electrical
equipment. The analysis takes into account the essential difference be-
tween power distribution problems at 60 Hz and at 400 Hz. In developing
a 400 Hz, 4160 VAC power generation and distribution system, not all
components in the electrical system represent problems for study. Low
voltage (below 600 VAC), 400 Hz power generation and distribution sys-
tems are not new, and are in common usage at airports and Naval Air
Stations around the world, where the 400 Hz is used to service aircraft.

The components of the system not requ'ing si•niflcant study include theV fol lowing:

a. 60 Hz input power bus.

b. Input power circuit breaker.

c. Low voltage (less than 600 VAC) circuit breaker (generator output).

d. Low voltage circuit breaker in low voltage 400 Hz distribution system.

e. Low voltage 400 Hz power distribution cable.

f. Load circuit breakers.

g. Load cable.

h. Connectors.

The load cable is a 4-wire flexible cable, of either Size No. 6 AWG or
No. 2 AWG, depending on the expected load current and on the length

777 of the load cabie. The heavier cable provides a lower voltage drop.

The replaceable connector is rated for up to 250 amperes, and tooling exists
to accept either four No. 6 AWG wires or four No. 2 AWG wires. The con-
nector is standard for use in the Navy and Air Force, under Part Number
MS90328 for complete cable assemblies or Part Number MS25486 for plugs
only.
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2.2 EQUIPMENT STUDY.

The study dwells primarily on:

a, The motor-generator set in combination with a step-up transformer

and harmonic filter to provide 3-phase, 4160 VAC, 400 Hz power.

b. 4160 VAC, 3-phase distribution system for the 400 Hz power.

c. Switchgear in the 4160 VAC, 3-phase system at the generation plant.H
d. Utilization transformers which step down the high voltage 400 Hzpower to nominal 115/200 VAC for the load in combination with

either voltage regulators or line drop compensators. Also included
Is the high voltige protection on the Input to the utilization trans-
formers, and the circuit breaker at the output.

e. As an alternate to the 60/400 Hz motor generator set, a brief study
of 60/400 Hz solid-state frequency changers is Included.

2.3 EQUIPMENT INFORMATION.

As a means of obtaining Information about the electrical equipment required,
the electrical equipment were grouped In what Is considered to be logical
combinations, and specification outlines were developed. The prospective
suppliers were provided with the following. (See Appendix L, Appendix M
and Reference Number 9).

a. A letter explaining the problem.

b. The equipment specification outline.

c. A questionnaire with request for proposal.

2.4 EQUIPMENT GROUPING.

The equipment groups and reasons for the groupings are as follows:

a. Motor generator and step-up transformers, with all meters, controls,
etc.

This combination permits the manufacturer to propose either a motor
generator set combined with a step-up power transformer (400 Hz cen-
tral power station transformer) or a direct 4160 VAC generator. In

H either case, performance specifications apply to the output at 4!60
VAC, and not to the intermediate voltage at 480 volts.

b. High voltage power distribution cable.



c. Switchgear at the power generation plant were studied to determine
as many suitable options as practical for applications which include
automatic, unmanned start-up and switching of motor generator sets
in accordance with load demand.

d. The utilization transformers were combined with the voltage regula-
tors and/or line drop compensators, because of their interdependence.

e. Input switchgear to the utilization transformer does not need to be
more than a fused oil cut-out switch to permit safe service work on
the transformer. The output circuit breaker is for transformer over-
load protection and is, therefore, included as part of this assembly.

f. EMI filters In a power distribution system were separated out for spe-
cial study. The ccnclusion is that filters are not required but shield-
ing of utilization transformers is required to minimize propagation of
EMI signals.

Note: Equipment must be derated for service at 400 Hz in accordance with

the recommendations of the specific manufacturer. An example of how one

particular manufacturer derates his equipment is included in Appendix M -

letter from G. E. Company dated October 5, 1976.

2.5 MIL-STD-704B.

a. Introduction.

The quality of 400 Hz AC electric power on board U.S. military air-
craft is defined by MIL-STD-704B.

MIL-STD-704A is entitled "Electric Power, Aircraft, Characteristics
and Utilization of", and has been the controlling document for many
years. As a result, most existing electrical utilization equipment,
requiring 400 Hz power, has been designed to MIL-STD-704A require-
ments.

MIL-STD-704B was issued on 18 November 1975 entitled "Aircraft
Electric Power Characteristics", and will control electrical utiliza-
tion equipment designed after November of 1975. Therefore, the
quality of 400 Hz AC power provided from a central generating and
distribution system, would necessarily have to meet requirements of
MIL-STD-704B. For most, but not all requirements, MIL-STD-7048
is more strict and hence, if MIL-STD-704B requirements are complied
with, MIL-STD-704A requirements are also met.

Table 1, Page 41, lists the limits of 400 Hz AC power for MIL-STD-
704B. The objective of the centralized 400 Hz power system design
is to meet these requirements.



The problems of compliance with MIL-STD-704B requirements are
considered below. Also considered are some proposed means o.
meeting these requirements.

b. Steady-State Voltage. Refer to Table 1, Page 41, Item Number 1.

MIL-STD-704B, Paragraph 5.1.1.1, requires the voltage to be
maintained at 108 to 118 VAC at the point of utilization. The
point of utilization is the actual electronic load on board the air-
craft. The power distribution system can be designed to control
voltage drops only to the point of connection to the aircraft.

, ~Therefore, a voltage drop allowance must be provided for trans-
mission of 400 Hz power from the point of connection at the skin
of the aircraft to the point of 'jtilization on board the aircraft.
It has been past practice to allow 4.0 VAC per phase for this
voltage drop, as specified in MIL-STD-704A. Therefore, this
same voltage drop allowance will be continued. Thus, the allow-
able range of voltage at the load plug which connects 400 Hz AC
power to the aircraft will be set at 112 to 118 VAC.

A motor generator set, or an engine generator set, such as presently
used to supply 400 Hz AC power to aircraft, typically are specified
to provide voltage regulation of plus or minus 1.0 percent. It is
common practice to specify "Remote Voltage Sensing" or "Automatic
Line Drop Compensation" in the procurement specifications for 400
Hz generator sets.

If this same standard voltage regulation range were applied to a cen-
tral 400 Hz power generator, the center value of voltage at the load
would be 116.8 VAC and the range would be 115.6 to 118.0 VAC.
Since the minimum voltage permitted is 112.0 VAC, this voltage
range would provide 115.6- 112.0 = 3.6 VAC allowance for all
voltage drops throughout the distribution system. This range is too
restrictive. Therefore, the central generators will be required to
maintain a voltage tolerance of plus or minus 0.5 percent for all
steady state conditions of balanced load, temperature, long time
drift and any other factors which can affect the voltage output. The
center value of voltage at the load is then 117.4 VAC. The voltage
range of the generator output, as referred to the load, will then be
116.8 to 118.0 VAC. The allowance for all voltage drops throughout
the system will then be 116.8 - 112.0 = 4.8 VAC. This allowance
for voltage drops is practical to achieve.
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2.6 VOLTAGE REGULATORS.

Electronic type line voltage regulators are expensive and have a level of
complexity comparable to that of a motor generator set. Hence, voltage
regulators represent a continuing cost in terms of maintenance and servic-
ing. They further represent some significant downtime due to failure oc-
currence. However, situations may arise in which line voltage regulators
will be necessary to achieve a satisfactory voltage range for some specific
loads. Only electronic type (non-mechanical brush) regulators have the
speed of response required in MIL-STD-704B. Use of electronic regulators
in a system or portion of a system will be authorized only when the charac-
teristics of the load warrants such regulators and the additional cost is justi-
fied.

In general, use of reactive "Line Drop Compensators" (LDCs) will permit
achievement of the required minimal voltage drops in the distribution sys-
tem. These are passive circuits, low in cost and highly reliable in opera-
tion.

2.7 VOLTAGE PHASE UNBALANCE. Refer to Table 1, Page 41, Item Num-
bers 3 and 4.

Load unbalances and unbalanced impedances in the load distribution cables
are the primary two causes of voltage unbalance and voltage phase unbal-
once. Generators are commonly available in which the phase unbalance
for balanced loads is negligible. The load cables which are in widespread
use at military bases are not symmetrical. As a result, even under conditions
of a balanced aircraft load, substantial voltage unbalance between phases
results. Because the power factor of the load and of the power cables are
generally very different from each other, there will also be a significant
phase angle error between phases when load magnitudes are approaching full
rated values.

The problem of maintaining balanced line voltage and of minimizing phase
angle errors can largely be corrected where a new central 400 Hz genera-
tion and distribution system is installed. Specifications on the major com-
ponents of the system and on the installation can eliminate the dissymmetry
which currently exists in the power cables.

Even under conditions of unbalanced loads, the 400 Hz source impedance of
the distribution network and of the central power generators can be main-
tained sufficiently low to meet the 120 degrees, plus or mninus 2 degrees
tolerance specified in MIL-STD-704B. However, to meet this requirement,
it will be necessary to employ reactive line drop compensators, which will
bring the power factor of distribution lines close to unity, and hence, close
to the expected impedance of the average aircraft loads.
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2.8 WAVEFORM. Refer to Table 1, Page 41, Item Number 6.

MIL-STD-704B specification limits the individual harmonic voltage to
2.75 percent. The formula ±= 0.071 + Sin e, is equ~valent to per-
mitting 7.1 percent deviation factor.

A significant problem is that of supplying a nonlinear IoGd such as one
comprised of a three-phase bridge rectifier with an inductor input filter
in the DC pcwer. Such a load would be eypected as typical in an air-
borne radar set.

The following are "per unit" considerations. The expected distribution
of harmonic current generated in the 400 Hz irpout power line will be
in the neighborhood of the following levels. COnly odd harmonics are to
be expected, in significant amount.

Harmonic Current Level (Percent)

3 Zetao
5 20
7 14
9 Zero

11 9
13 7.7
15 Zero
17 5.9
19 5.2
21 Zero
23 4.3

These are essentially the harmonic currents in a stepped current wave-
form which eliminates all even harmonics and all of those which are
multiples of three.

Typically the magnitude of the load may represent 15 percent of the
generator power rating (a conservative estimate).

A typical generator impedance is 30 percent inductive (typical of air-
craft generators) and the distribution line is 2 percent inductive at the
fundamental frequency. This totals j.32. At the 5th harmonic, this
will be 5 x j.32 = i1.6.

The 5th harmonic voltage generated will then be:

0.2 x 0.15 x jl.6 x 100 = 4.8 percent
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where, 0.2 is the harmonic current
0. 15 is the loading factor of -'-e generator
i1.6 is the impedance of the irce at 5th harmonic
100 is the factor to obtain percent of harmonic voltage

The 4.8 percent harmonic voltage is substantially out oF compliance with
the MIL-STD-704B limitation of 2.75 percent for any single harmonic.
Further, the limitation on higher frequency harmonics (the 11th and htgh-
er) re•quires a drop-off of 20 DB per decade. It becomes clear that sub-
stantial harmonic filtering is required.

The proposed central power generation and distribution system will permit
the application of capacitative bypass filters at the various load utiliza-
tion points whereby the impedance of each power source can be maintained
at a low level. Such capacitive filters are inexpensive, small and rellablt,
Thus, full compliance can be expected with the voltage waveform require-
ments of MIL-STD-704B.

2.9 AMPLITUDE MODULATION. Refer to Table 1, Page 41, Item Numbers 7
and 8.

MIL-STD-704B limits the RMS voltage to 0.62 VAC. From the standpoint
of the central power distribution system design, this limitation is not ex-
pected to present a problem.

2.10 FREQUENCY MODULATION. Refer to Table 1, Page 42, Item Numbers
12, 13 and 14.

The 400 Hz central generating plant has large Inertia as compared to the
typical airborne generator. There is no freedom of motion permitted ro-
tationally between the driving motor and the generator, as is the case for
airborne generator. Therefore, no problems are expected with any of the
factors relating to frequency modulation for either the exisling 400 Hz
generators, or the proposed central 400 Hz generator plant.

2.11 VOLTAGE TRANSIENTS. Refer to Table 1, Page 42, Item Number 15.

a. Voltage Surges.

The voltage surge limitations of MIL-S'--704B is considered to re-
present no problems for a central 400 Hz generator system design.
Because capacitive filters at utilization transformers will become a
part of the system design (to suppress harmonics generated by the
loads), the voltage spike limitation of MIL-STD-704B are expected
to be met. Full compiiance with MIL-STD-704B can be expected
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for this requirement.

b. Long Time Voltage Transients and Interload Effects.

With a large number of individual loads connected in a commonly
shared power generation and distribution network, switching one
load on or off line will cause voltage transients and voltage steps
to be imposed on all of the other connected loads. Refer to Figure
3, Page 50, which illustrates a typical 400 Hz power distribution
system such as is being planned for the U.S. Naval Air Stations in•'l this study. The diagram is simplified by omitting all of the switch-
gear. Impedances listed on the drawing are the fundamental fre-

quency impedances for the various elements of the distribution net-
work, and these are identified as follows.

Zg Impedance of the parallel set of generators (1 to
6 connected on line).

F 7Z11 Transformer impedance (if used) for voltage step-
up of 400 Hz power from 575 to 4160 VAC.

Z21, Z22, Impedances of the segments of the 4160 VAC line
0 0 .. Z2n between branches.

7Z31, Z32, Impedances of the utilization transformers for the
• .. , Z3n various loads. These are 4160 to 120/208 VAC.

Z41, Z42, Impedances of low voltage lines which distribute
., Z4n 400 Hz power to load centers. These are 115/200

VAC power lines.

Z51A, Z51B, Impedances of the load cables which carry 400 Hz
Z51C, Z52, to the aircraft power receptacle.
ZnA, ZnB,
ZnC

2.12 GENERATOR RESPONSE TO VOLTAGE TRANSIENTS.

The only nonpassive element in the 400 Hz generator and power distribution
network is the generator. Thus, all voltage transients experienced on the
system, with a time duration of greater than one-half cycle, will be due to
the response of the generator and regulator to load steps.

The response of a typical generator tends to be linear with magnitude of load
step. Thus, doubling the load step will cause doubling of the magnitude of
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the voltage transient. Based on this, a formula may be written.

V= K x Load Step Magnitude
Generator KVA Rating

where AV is the voltage transient .,iagnitude in percent of output
voltage.

J •K is a constant of the generator and represents the percent
,• voltage transient of the generator response at a 100 percent

" iload step. The generators specified for this equipment are

planned to have a rating of 312 KVA at 0.8PF minimum.
The K factor will be specified and tests will be called out
at load steps of 25 percent and 50 percent to confirm the
value of K. K will be 20 percent, or a 0.2 factor.

A minimum of two generators will be used for all normal system operation.K
Thus, a 75 KVA, 0.8PF load step will cause a voltage transient to all on
line equipment which will be:

75 KVAA =2 x 73 TVA 2.4 percent•, AV= 20/o x625 KVA

14 Thus, the maximum voltage transient to be imposed on any load connected
to the 400 Hz bus will be 2.4 percent of operating voltage, when a 75 KVA,
0.8PF load is switched on and switched off. Voltage transients for lesser
magnitude load steps or for loads of higher power factor, will produce pro-
portionately lesser voliage transients. This is so significantly inside of MIL-
STD-704B limits, as to not represent any problem to the 400 Hz system.

The recovery time for voltage transients will be specified on the generator
to have a maximum time duration of 250 ms after which generator output
voltage must be within a specified plus or minus 0.5 percent tolerance band.
As a consequence, the maximum transient recovery time on all connected
loads will be 250 ms.

Where solid-state frequency changers are used as the source of 400 Hz power,
the voltage transients will be limited to less than 15 percent for a 100 percent
load step, and time duration will be less than 5 milliseconds (less than 2

|j cycles).

A minimum of two 312 KVA solid-state frequency changers will be required

on-line at oil times. The formula is then:
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Load StepAV K Kx
Frequency Changer Rating

75625 1.8 percent

Recovery time will be less than 5 ms. Thus with a solid-state power source,

long time voltage transients will be nearly eliminated.

2.13 CONCLUSIONS OF ANALYSIS OF MIL-STD-704B.

Full compliance with all requirements of MIL-STD-704B can be provided In
a centralized power generation and distribution system.

JB & B has analyzed the currently used system of 400 Hz power generation
and distribution which utilizes individual motor generator sets or engine gen-
erotor sets. It Is JB & B's conclusion that this currently used system complies
with the range of 112 to 118 VAC. Thus, if the central 400 Hz power gen-
eration and distribution system met this same 112 to 118 VAC range, the
quality of power from the new system would be approximately equal to the
quality of power in the existing system from the standpoint of steady-state
voltage. Data in this study is offered in such a manner that:

a. Withou' use of active electronic type voltage regulators in the system,
the voltage regulation is 112 to 118 VAC.

b. By addition of active electronic voltage regulators at utilization trans-
formers, the voltage regulation can be maintained to closer limits, or
alternately, the voltage range of 112 to 118 VAC can be maintained
with the appliccrion of very large 400 Hz loads. Thus, the active
voltage regulators are expected to be required if specified and when
authorized for special applications.

2.14 DESCRIPTION OF 400 HZ CENTRAL POWER GENERATION AND DISTRI-
BUTION SYSTEM.

Refer to Figure 1, Page 48 and Figure 2, Page 49.

The 400 Hz power generating p!rvnt is illustrated by the one-line diagram of
Figure 1, Page 48. 60 Hz input power for the generators will be derived

A Ifrom a high voltage line of suitable capacity. The primary 60 Hz bus would

probably be in the 4. 16KV to 15KV range. As illustrated, a redundant
set of 60 Hz stepdown power transformers is provided. These might be in the
power capacity range of from 500 to 1500 KVA, as related to the actual load
on a base. One more motor generator unit would be provided than required
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to support the maximum expected load. Generator output rating recom-
mended is 312 KVA, 250 KW at 575 VAC, or 480 VAC, as required, 3-
phase, 400 Hz. The drive motor recommended would be a synchronous
400 HP, 3-phase, 480 volt, or 575 volt.

The motor and generator combination are direct coupled, and are to be of
the highest practical reliability. The generators are parallelable under
load, with minimal voltage transients regardless of load, within the rating
of the system. The illustrated system could supply up to 937 KVA, 750 KW
of 400 Hz power from any three of the four generators. As illustrated,
central power station 400 Hz transformers would be 1000 KVA each and
would provide a nominal secondary AC voltage of 4160 VAC. Either
one of the two 400 Hz transformers may be isolated and the remaining trans-
former can provide power to any of the 400 Hz, 4160 VAC feeders. Circuit
breakers provide protection to the entire generator plant.

The generator-transformer combination will provide nominal 4160 VAC, re-
gulated to a set point wiihin plus or minus 0.5 percent for balancet loads,
and to within plus or minus 1 percent for loads unbalanced to 5 percent be-
tween line-to-line loads. Output from the 400 Hz central power station
transformers will be 4-wire wye, with the neutral grounded through a ca-
pacitor or resistor to limit short circuit current. Lightning arresters will be
required on the incoming 60 Hz power bus and on the 4160 VAC, 400 Hz
output bus.

A meter and control panel are part of each individual 400 Hz generator set.
Protective relays are included whereby a fault in any one generator causes
automatic disconnection of the faulted unit.

The generator plant specifications will include a requirement for EMI sup-
pression to meet MIL-STD-461, Class V requirements. This is the same re-

quirement imposed on all new military 400 Hz mobile electric power plants.

In Figure 1, Page 48, a typical 400 Hz distribution line is illustrated. In
Figure 2, Page 49, one of these lines is illustrated in more detail. Two
load branches are illustrated in Figure 2, Page 49. One branch is illustra-
ted near the generator plant and the lower branch is illustrated as requiring
some substanfial length of 4160 VAC distribution bus. One branch is illus-
trated as requiring ar, uctive voltage regulator at one load.

The upper branch includes:

a. Circuit breaker.
b. Line drop compensator for reactive power line drop,
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c. Stepdown utilization transformer from 4160 VAC to nominal 117.4/
S203.3 VAC, 400 Hz

d. Shunt capacitative harmonic filter
e. 115/200 VAC distribution cable
f. Circuit breakers at load centers
Sg. Load bus of flexible and neoprene jacketed wire
ih. Anderson plug for aircraft connection

The lower branch includes all of the above plus Item i.:

I. Tnree single-phase electronic fast response, low harmonic voltage
41 regulators with one provided for each phase of the load

The survey of power requirements indicates that most individual aircraft will
present loads of substantially less than 30 KVA. Therefore, each load bus
will be protected by a 225 amp frame circuit breaker with overload trips set
to 100 amps and provided with a shunt trip. The breaker will be in a wall-
mounted cabinet with a light to show "Pow,- On" and a second light to show
"Power Available".

The stepdown utillzatl',n transformers proposed are rated at 75 KVA. Up to
twelve low voltage Il ads can be connected to a single power transformer,
each load individual y rated at up to 37 KVA. The expected demand factor
of the loads, for mt installations, is expected to be 15 percent. Thus, the
average load is not expected to exceed 15 percent of 37 KVA or 5.5 KVA at
each of the twelve loads.

The distance of the circuit breaker connections from the transformer must be
of limited distance, typically 75 feet, in order to limit voltage drops. Thus,
all of the proposed twelve load centers must be within these distances. Where
longer power runs are required, they can be accommodated by use of dual low
voltage power cables.

Calculations are now made for voltages at:

(A) Two 37 KVA loads at a location which is 5,000 feet from the central
400 Hz generating plant and which are both near the end of the pro-
posed 75 feet low voltage distribution cable.

(B) Same as above, but the loads are now 16, 000 feet from the central
400 Hz generating plant.

(C) Eight loads of 37 KVA each are dishibuted at 2,000 feet intervals
J, along the high voltage distribution cable. Total of these eight loads

is 296 KVA.
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For calculations which follow, "Conditions (A), (B) or (C)" will meet the
above. For each of these load conditions, the objective is to meet MIL-
STD-704B requirements, with an allowance of 4.0 VAC voltage drop on
board the aircraft. Thus, the range is 112 to 118 VAC.

Loads will be assumed to be (1) resistive, and (2) 0.8 power factor.

2.15 VOLTAGE DROP CALCULATIONS.

Electrical characteristics of the power distribution system are:

a. One of the standard transformer voltage ratios in common usage is the
4160 to 120/208 VAC ratio which represents an exact 20:1 ratio.
Since this voltage ratio is suitable to this application, it will be
adopted for the utilization transformers. Actual operation will be at
a slightly lower level to accommodate the 118/204 VAC actual max-
imum open circuit voltage required by MIL-STD-704B. Taking account
of the plus or minus one-half percent tolerance of the central 400 Hz
generators and the consequent 117.4 VAC nominal open circuit voltage
at the load, a nominal 4067 VAC, plus or minus one-half percent, open
circuit voltage on high voltage distribution system is required. Based
on the above, the utilization transformers will have an exact primary to
secondary voltage ratio of 20. Therefore, the voltage transformation
factor will be 0.05 and impedance ratios will be (0.05)2 = 0.0025.
Output voltage will be 117.4 VAC, plus or minus 0.5 percent, and the
output voltage range will be 116.8 to 118 VAC.

b. Voltage at the 400 Hz generation plant will be maintained at 4067 VAC,
plus or minus one-half percent. This value of high line voltage was
selected to establish the values in Item a. above.

c. The high voltage distribution cable (HV Line) is triplexed 3/C Number
1/0 shielded wire having a calculated impedance of 0. 12 + 0.22j per
1,000 feet at 400 Hz and 40° C average temperature.

Z(HV) = (0.12 + 0.22j) per 1,000 feet

d. The low voltage power distribution cable (LV Line) connects the output
oF the utilization transformers to circuit breakers at the load centers.
The LV Line is 3/C Number 4/0 phase conductors plus 3/C Number 4
insulated neutral triplexed and armornd with aluminum. The calculated
impedance is 0.078 + 0.18i per 1,000 feet at 400 Hz and 400 C. The
average length of the LV Line is estimated to be 75 feet and will have
an impedance:
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Z(LV) = 0.005 + 0.014i

e. The load distribution power cable (Load Cable) is four conductor
No. 2 AWG twisted cable, 50 feet long, per MIL-C-3432D ter-
minated in an Anderson Plug Type R67G18A. The Load Cable con-
nects 400 Hz power from the wall-mounted circuit breaker to the
aircraft. Impedance is 0.18 + 0.22i per 1,000 feet for the 50 foot
length at 400 Hz.

Z(LO) = 0.007 + 0.009i

f. The 75 KVA utilization transformers will be equipped with a reactive
line drop compensation circuit. The transformer and line drop com-
pensation circuit will have an output impedance of approximately:

Z(TR) = 0.005 - 0.023i

g. The transformers to be used at the 400 Hz power generation plant
will have the resistive and reactive components of impedance can-
celled by the generator load compensation circuit and will provide
an essentially zero impedance source for steady state operation.

h. Reactances of cables were computed using the formula:

2DL 0-
X. =2Trf (0.1404 log-D + 0.0153 L-) x 1-3

where X = reactive impedance in ohmsI

f = frequency in Hz

D = e' rance between two conductor centers in inches

d = diameter of conductor in inches

L = correction factor from Table 1, Appendix J

The reactances are line-to-neutral.
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2.16 METHOD OF VOLTAGE DROP CALCULATIONS.

To simplify calculations for voltage drop in power lines when a reactive
load is present, the following method is used.

Assume 35 KVA load Is applied to a power source at 115/200 VAC and
assume a source impedance of Z = R +iXL = 0.02 + 0.05j.

The voltage present at the load will be approximately:

EL = EOC - IR x PF + XLX 1 PF2 ] or for a 100 amp, 0.8PF

load and a power source of 120 VAC open circuit voltage.
E E 120 - 100(0.8R + 0.6X

= 120 - 100(0.02 x 0.8 + 0.05 x 0.6)

= 120 - 100(0.016 + 0.03)

= 120 - 4.6 = 115.4 VAC

This will be accurate if voltage drops are relatively small as compared to
the source voltage.

Example: Complete calculation provides I = 80 - 60j and the following
a applies:

E = 120 - [(80 - 60j)(0.02 + 0.05i)]

= 120 - [(1.6 + 0.3) - 1.2j + 4i

= 120 - 4.6 - 2.8j

- (115.4)2 - (2.8)2

= 115.367

an error of 0.028 percent results from ignoring the j terms.
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2.17 CALCULATION OF VOLTAGE DROPS.

The load for Condition (A), refer to Page 21, is two 100 amp loads located
75 feet from the 75 KVA utilization transformer.

a. For a resistive load, the voltage drop in the load line is:

0.007 x 100 = 0.7 VAC

b. The resistive voltage drop in the low voltage line is:

0.005 x 200 = 1.0 VAC

c. The voltage drop in the transformer is:

0.005 x 200 = 1.0 VAC

d. The voltage drop In the high voltage cable as related to the low volt-
age level will be:

0.12 x 5 x 0.0025 x 200 = 0.3 VAC

The sum of the voltage drops of a., b., c., and d. .is now:

0.7 + 1.0 + 1.0 +0.3 =3.0 VAC

Load voltage will now be a minimum of:

116.8 - 3.0 = 113.8

and a maximum of: 118.0 - 3.0 = 115.0

This meets MIL-STD-704B.

Now assume the same load but at 16, 000 feet distance as in Condition (B),
refer to Page 21. Only Item d. changes from the above to:

0. 12 x 16 x 0.0025 x 200 = 0.96 VAC

Now the sum of the voltage drops will be:

0.7 + 1.0 + 1.0 + 0.96 =3.66 VAC
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Load voltage will now be a minimum of:

116.8 - 3.66 = 113.14 VAC

and a maximum of: 118.00 - 3.66 = 114.34 VAC

Again, the voltage range lir-ts of MIL-STD-704B are met.

Assume now the conditions of (C), refer to Page 21, which are a 37 KVA
load at each of eight locations on the distribution line:

I a. The voltage drop in the load line is:

0.007 x 100 0.7 VAC

b. The voltage drop in the low voltage line is:

0.005 x 100 =0.5 VAC

c. The voltage drop in the transformer is:

0.005 x 100 = 0.5 VAC

d. Voltage drops in the high voltage line are labeled #1 through #8
below, with #1 location being 2,000 feet from the generating
plant and #8 being 16,000 feet distance.

# I = 0.12 x 2 x 800 x 0.0025 = 0.48 VAC

#2 = 01 + 0.12 x 2 x 700 x 0.0025 = 0.90 VAC

#3 = 02 + 0.12 x 2 x 600 x 0.0025 = 1.26 VAC
#4 = #3 + 0.12 x 2 x 500 x 0.0025 = 1.56 VAC

#5 =#04 + 0.12 x 2 x 400 x 0.0025 = 1.80 VAC

#6 = #5 + 0.12 x 2 x 300 x 0.0025 = 1.98 VAC

#7 = #6 + 0.12 x 2 x 200 x 0.0025 = 2.10 VAC

#8 = #7 + 0.12 x 2 x 100 x 0.0025 = 2.16 VAC

At the corresponding load points, the voltage drops at each of the eight
locations, due to all losses, will be the sum of a., b., c., and d. which

I ,are:

V•
26



# '1 2.18 VAC d#5 3.50 VAC

#2 2.6oVAC #6 3.68VAC
#I #3 2.96 VAC #7 3.80 VAC#.i 4 3.26VAC #8 3.86 VAC

i Corresponding minimum and maximum voltages are:

!iiMaximum Minimum

# /1 115.80 114.62

#2 115.40 114.20

#3 115.04 113.84

#4 114.74 113.54

#5 114.50 113.30

#6 114.32 113.12

#7 114.20 113.00

# #8 114.14 112.94

These voltage ranges meet limits of MIL-STD-704B.

Repeating these same voltage drop calculations except with a 0.8 power
factor load, provides the following:

a. Two 37 KVA loads (200 amps total) located 5,000 feet from the gen-
erating plant. The load cable plus the low voltage line, plus the
transformer, plus the high voltage line, now have a total impedance
of:

Low Voltage Line = 0.005 + 0.014j

Load Cable = 0.007 + 0.009j

Transformer = 0.005 - 0.023j

High Voltage Line = 0. 12 x 5 x 0.0025 + (0.22 x 5 x 0.0025)i
or 0.0016 x 0.0027j

Total is: 0.0186 + 0.0027i

li The 0.8 power factor, 200 amp load will cause a voltage drop of:

0.0186 x 200 x 0.8 + 0.0027 x 200 x 0.6 =3.28 VAC per phase
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The voltage range at the load will be 116.8 - 3.28 minimum and

118.00 - 3.28 maximum or 113.52 to 114.72.

This meets limits of MIL-STD-704B.

b. Repeating these calculations for the 200 amp, 0.8 power factor load
as in a., except at 16,000 feet, the following applies:

Only the high voltage line impedance changes:

0. 12 x 16 x 0.0025 + (0.22 x 16 x 0.0025)i

= 0.005 + 0.009i

Total Impedance is now:

(0.005 + 0.007 + 0.005 + 0.005) + (0.014 + 0.009 - 0.024

+ 0.009)j or (0.022 + 0.009j)

The 0.8 power factor, 200 amp load will cause a voltage drop of:

0.022 x 200 x 0.8 x 0.009 x 200 x 0.6 = 4.6 VAC

The voltage at the load will now be 112.2 to 113.4 VAC.

This meets limits of MIL-STD-704B.

c. The voltage drops and resultant voltage at the load are calculated
below for 100 amps, 0.8 power factor loads (37 KVA) distributed at
2, 000 feet intervals along the high voltage line.

The transformer, load line and low voltage line impedances combined

have an impedance of:

(0.005 + 0.007 + 0.005) + (0.014 + 0.009 - 0.023)j

= 0.017 +0.000i

with a 100 amp, 0.8 power factor load, the voltage drop will
be:

I 0.017 x 100 x 0.8 =1.36 volts
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I, A 2,000 feet length of high voltage cable will have an equivalent
impedance of:

(0.12 x 2 x 0.0025) + (0.22 x 2 x 0.0025)i

- 0.0006 + 0.0011j

The eight sections of 2,000 feet high voltage cable between load
branches will have voltage drops of:

I 0.0006 xIx 0.8 x 0.0011 xIx 0.6

These section voltage drops are then:

"(0.00048+0.00066)1 = 0.00114xI

• • Accumulated

Section Drop Voltage Drop

#1 = 800 x 0.00114= .912 VAC 0.91

02 = 700 x 0.00114 0.8 VAC 1.71

#3 = 600 x 0.00114 0.68 VAC 2.40

#4 = 500 x 0.00114= 0.57 VAC 2.97

#5 = 400 x 0.00114 0.45 VAC 3.43

#6 = 300 x 0.00114 0.34 VAC 3.77

#7 = 200 x 0.00114 = 0.23 VAC 4.00

#8 = 100 x 0.00114 = .114 VAC 4.11

Total voltage drops and voltage ranges will be:

Total Drop Voltage Range

#1 = 1.36 + 0.91 = 2.27 114.53- 115.73
#2 = 1.36 + 1.71 = 3.07 113.73 - 114.93

#3 = 1.36 +2.40 = 3.76 113.04- 114.24

#4 = 1.36 + 2.97 = 4.33 112.47- 113.67

#5 = 1.36 +3.43 4.79 112.01 - 113.21

#6 = 1.36+3.77= 5,13 111.67- 112.87

29



9II

Total Drop Voltage Range

#7 = 1.36 +4.00 = 5.36 111.44 - 112.64

#8 = 1.36 +4.11 = 5.47 111.33 - 112.53

The worst case voltage falls 0.67 volts out of MIL-STD-704B limits.'- A
reduction to 85 amps per load for distributed 0.8 power factor loads brings
the voltage within limits. A calculation of only the farthest load is as
fo! lows:

4 Fixed drops are: 0.017 x 85 x 0.8 = 1. 156 VAC

The line drop is: 36 x 85 x 0.00114 = 3.48 VAC

Total drop is then: 1. 156 +3.48 = 4.636 VAC

Voltage range Is now at worst point (#8):

V = 112.16 to113.36 VAC

This meets limits of MIL-STD-704B.

If no reactive line drop compensator is inclue a- art of the 75 KVA utili-
zation 400 Hz transformer, the voltage drops are ý.cesslve for 0.8 power
factor loads.

A transformer impedance without the compensator will be approximately:

Z(TR) = 0.005 +0.015i

The impedance for a 200 amp, 0.8 power factor load will now be:

Z(Total) = (0.005 + 0.014j) + (0.007 + 0.009j) + (0.005 + 0.015j)

= 0.017 +0.038j

Voltage Drop = 0.022 x 200 x 0.8 + 0.066 x 200 x 0.6

V = 2.72 + 4.56 = 7.28 VAC

Voltage range would be:

E = 109.52 to 110.72

30



This compares with a drop of 3.4 VAC and E = 113.4 to 114.6 VAC
with a compensator. This is without considering the voltage drop in
the high voltage distribution line.

It is the opinion of JB & B that a system with reactive line drop compensatorsI associated with each utilization transformer, will meet MIL-STD-704B. The
only other means available to obtain the acceptable voltage range is through
use of oversized transformers and paralleled cable runs. The latter is much
more expensive.

2.18 DESIGN OF DISTRIBUTION SYSTEM.

This describes the methodology of distribution system design.

The distribution network must limit voltage drops in the 400 Hz power system

* to meet MI L-STD-704B range of 112 to 118 VAC, which includes a 4.0 VAC
"i ,,allowance for voltage drops on board the aircraft, and including the plus or

minus 0.5 percent tolerance of the 400 Hz generators. This restricts the
total voltage drop to 4.8 VAC at the 115 VAC level, or to a maximum of
100 x (4.8/115) = 4.17 percent.

Tables and formulas have been developed to aid in designing the distribution
system, by taking account of voltage drops in the four component sections,
which are:

a. High Voltage Line (HV Line)
b. Utilization Transformer
c. Low Voltage Line (LV Line)
d. Load Cable

In making estimates, loads are always assumed to be either 1.0 power factor

or 0.8 power factor. The military power generation specifications for engine
generator and motor generator sets, all assume these same extremes of power

factors.

Examination of the load demands of various military aircraft types indicates
that the maximum single probable 400 Hz load will not exceed 100 amps per
line. Therefore, calculations are largely based on this maximum individual
load.

The voltage drop in and any one section of the distribution network will be:

AV= IxZ
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where AV is the voltage drop
Z is the complex impedance of the network component
I is the complex current

For resistive loads, AV = I x R

For 0.8 power factor loads, A V = x (0.8 - .6) x (R + iw)

111= [(0.8R + 0.6wL) + j(O.8wL - 0.6R)]

The maximum permitted voltage drop is 4.8 VAC or 4.17 percent of input
voltage. The out-of-phase component of voltage drop cannot exceed the
total voltage drop, because for all practical components (0.8R + 0.6wL)
is larger in value than (0.8wL - 0.6R). Therefore, the maximum out-of-
phase voltage is less than 4.17 percent.

The error in output voltage cannot exceed

F(1.00) + (0.0417) - 1 = 0.00087

The error is thus less than 0.1 percent, and therefore, the out-of-phase
term can be ignored without any significant loss in accuracy. The follow-
ing is therefore used in calculation of voltage drops at 0.8PF:

AV= (0.8R + 0.6wL) xI

Component parts of the distribution system are: (Refer to Figure 2, Page 49
illustrating a typical system). (Refer to one-line diagram, Figure 1, Page 48).

a. High voltage line which is the high voltage (nominal 4160 VAC) power
line connecting switchgeor to the utilization transformers. Tables are
provided listing voltage drops versus load current and distance. There
will typically be several sections in the high voltage line, with
branches at end of each section, connecting to the utilization trans-
formers. The voltage drop in each section must be selected or com-
puted, and the sum of all section drops provides the actual total volt-
age drop. Wire sizes for which data is offered range from No. 6 AWG
to No. 4/0, in aluminum and copper.

b. Utilization transformers are specified with ratings which are 60, 75,
90, 120 and 150 KVA. Tables are offered providing AC voltage drops.
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c. The low voltage line connects the output of the utilization transformersto the circuit breaker which, in turn, connects to the load cable. Data
is provided for wires sizes from No. 2 AWG through No. 4/0, listingvoltage drop versus current and distance. If there are branches on this4 line, each section must have a separate voltage drop calculation andall voltage drops are summed to provide the total voltage drop.

d. Load cable connects 400 Hz power to the aircraft. Voltage drop data is
provided for wire sizes No. 2 AWG through No. 4/0.

Tables of data are provided which are:

Table 2, Page 43 - High voltage line data provides information on tri-plexed 5KV shiedd aluminum cable of the type recommended for use
on the 4160 VAC distribution system.

Table 3, Page 44 - Same as Table 2, Page 43, but for copper conduc ors.

Table 4, Page 45 - Same as Table 3, Page 44, except for 600 volt withground or neutralwires for use in the low voltage line. Items 15, 16and 17 require explanation. Item 15 Is the effective impedance for an
0.8PF, 400 Hz load. It is obtained by the equation:

1: 0.8 = 0.8R (400 Hz) + 0. 6 (XL) (400 Hz) where R is obtained
from Line 10 and X from Line 14.

Item 16 is obtained by multiplying Line 10 by 100 x 0.0025 x (100/115)to obtain percent voltage drop per 1000 feet of high voltage line per
100 amps of load at 115 VAC level.

The 0.0025 factor is the impedance transfer ratio of the utilization trans-formers which is a 20 to I ratio and hence the impedance ratio is (1/20)2.

Line 17 is the same as Line 16 except the factor is applied to Line 15 to
obtain the percent voltag,-, drop per 1000 feet for each 100 amps of 0.8
power factor load current.

Table 5, Page 46 - Provides impedance and voltage drop data on theutilization transformers. Again, the factor 100 x 0. 0025 x (100/115)
was applied to the 400 Hz R and to the effective impedance for 0.8power factor loads to obtain percent voltage drop per 100 amps of load
current.
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The voltage source will be maintained at 117.4 VAC, plus or minus 0.6 VAC.
The minimum voltage is 116.8 VAC. The minimum voltage at the skin of the
aircraft is 112 VAC. The maximum drop permitted is 116.8 - 112.0 =4.8
VAC. As a percent of nominal voltage, this is 100 x (4.8/115) = 4.17 per-
cent.

By use of the above tables, the voltage drop in the system may readily be
determined.

'1~
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2.19 HIGH VOLTAGE POWER LINE HARMONICS.

Harmonic voltage resonance in the high voltcge line is considered to present
4 I a potential problem. Therefore, the capacitances and Inductances in the

high voltage line are computed or estimated and an appropriate filter will be
used to minimize effects of such resonance.

Capacity = -D picofarads per foot
S~0.281 Log --

where D = distance between conductor = 0.6 inches
d = diameter of conductor =0.3 inches

2 x 0.6

Log 0 Log4 0.6

C 0 x = 5.93 picofarads per foot

Line-to-line capacity for total 32, 000 feet of high line Is 32, 000 x 5.93 x
10-6 mlcrofards = 0. 19 microfarads.

Line-to-imaginary neutral capacity = 3 x 0. 19 = 0.57 microfarads.

Z at 400 Hz = 701 ohms.

KVA in this one line = 8.2

Total KVA in capacity of high line is 24.6 KVA for 32,000 feet total.

Inductance of main transformers is equivalent to two percent impedance In
325 KVA transformer = 0.02 x 53 ohms = 1.06 ohms.

This will resonate to harmonic = -I = ,701 =25thSZI 25tho

With a second central power 400 Hz transformer on line, and with numerous
other load transformers on line, the frequency of the harmonic to which the
system will resonate will move higher. The interwinding capacity of the
transformers will significantly increase the capacitance of the high voltage
system, thus reducing the harmonic to which the system will resonate. The
only high frequency harmonics present in generator output which could cause
a problem are the 17th and 19th. Therefore, a filter will be included on the
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4160 VAC, 400 Hz bus as a part of each central power 400 Hz trans-
former. The filter will be tuned to the 17th harmonic of 400 Hz and will
be damped to have a "Q" of less than 4. Estimated maximum current will be
based on 7 percent of the generator output or 7.5 KVA per line. A 0.5
mfd, 5000 VAC capacitor will be connected in series with an inductor and
connected on each high voltage line to ground. The inductor value will
L. npproxlmately 1 millihenry rated to carry a maximum current of 10 Amps
AC. The resistor value will be 200 ohms connected across the Inductor,
and will be rated for I KW maximum power dissipation. It will be operated
at less than half of its KW rating. This set of values will effectively damp
the 17th harmonic and all higher order harmonics which could otherwise re-
sonate on the distribution system.

2.20 LIGHTNING PROTECTION.

High voltage transients, due to lightning, represent not only a hazard to the
400 Hz power generation and distribution system, but also to the aircraft
electronics systems. Lightning is not a serious hazard to the aircraft elec-
tronic systems with the present 400 Hz ground power systern. Therefore, the
direction of this study considers protection ,f the expensive aircraft elec-
tronic systems as a primary objective in the design of th-, lightning protec-
tion measures recommended herein.

Standards of Insulation have been established for 60 Hz systems. As protec-
tion for the 400 Hz power generation and distribution system, JB & B be-
lieves they are adequate. These standards are not adequate for protection
of the load circuits and this additional protection will be considered separately.

Table 6 on Page 47 lists test requirements which have been established as
industry standards for 60 Hz electrical equipment in the 5KV class of insula-
tion and operation. These standards will be applied in specifications for the
equivalent 400 Hz components.

The 25KV BIL test for transformers, line drop compensators and motor genera-
tor sets, is low as compared to the cripability of the high voltage line which
can tolerate a BIL test of several hundred thousand volts. Protection must be
placed as close as practical to these components. The most cost effective
protection for the low BIL test components appears to be spark gap type pro-
tectors located within the enclosures. Where line drop compensators are
used, they are planned to be within the housing of transformers. Thus, spurk
gap type lightning protection will protect both the transformer and the line
drop compensator. A close by earth ground should be made to bypass lightn-
ing derived current surges with as little voltage excursion as practical. The
earth ground preferably will be within 50 feet of the transformer. Thus, one
ground can serve only a limited number of utilization transformers.
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The motor generator sets will always be located close to switchgear to
control the 400 Hz output power. Spark gap type lightning protection
should be located within the switchgear housing to protect switchgear,
motor generator sets and the step-up transformers if these are used. An
earth ground must be located within 50 feet.

Earth grounds must be designed to be in conductive soil with heavy
enough conductors to effectively bypass lightning current surges.

The windings of a 5KV motor generator set are difficult to protect. It
4. is recommended that capacitors be placed at the output terminals to limit

the maximum possible rate of rise of voltage Induced by lightning at these
points. Alternately, do not use generators with 4160 VAC directly from
the output.

The use of surge limiting capacitors at these locations also will protect
the motor generator sets from voltage spikes such as can be Induced from
use of vacuum Interrupters In the load circuit. Vacuum Interrupters fre-
quently will Interrupt currents w!iich are not near zero, and consequently,
can cause voltage spikes which will breakdown transformer or motor gen-
erator set Insulation. It will be the responsibility of the motor generator
set manufacturer to provide adequate lightning protection.

The utilization transformers used in the 400 Hz distribution system are of
shielded design. Consequently, there will be virtually'no transfer of
charge by capacitative action from primary windings to secondary windings.
The transfer of voltage Impulse via the turns ratie of the transformer provides
a 20:1 stepdown. Thus, if the lightning protection on the primary side limits
voltage surges to 25KV, the secondary surge of voltage will not exceedi[ 1.25KV,

MIL-STD-704B, Paragraph 6.2, limits voltage spikes to a maximum of plus
or minus 600 volts for not more than 50 microseconds. Standard lightning
protection recognizes this same 50 microsecond time interval in the standard
BIL tests. This 600 volt maximum limit is approximately half of the expected
1250 volt peak output possible by turns ratio of the stepdown transformer.
Therefore, it will be necessary to provide bypass capacitors on the output of
the stepdown transformers to limit the voltai# spikes to less than 600 volts.
With transformers of the impedance specified, a 75 KVA transformer will re-
quire approximately 25 microfarads on each line-to-ground to provide this
protection. It will be made thr. responsibillty of the transformer supplier to
demonstrate that adequate filtets are included to satisfy this requ!rement.

Protection of the aerial cables is by grounding both the messenger cable and
the shield at every cable support location. No open wire should be used in
the 4160V, 400 Hz distribution system. Attention must be given to the qual-
ity of the grounds to make certain they are adei:jate.
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2.21 SHORT CIRCUIT PROTECTION.

The protective circuits must provide a situation in which a short circuit or
severe overlkvd will interrupt the short circuit with a minimum disruption
to other equipment operating from 'he same power distribution line, and
further, no consequential damage can be permitted to electrical cwmponents
other than the one in which the fault occurred.I jThe 400 Hz system Is generally easier to protect than is the equivalent 60 Hz
system, primarily because of the inherent source impedance of the motor gen-
erator sets, which limits the maximum let-through current. The peak let-
through current of the generator will occur always on the first full half cycle.
Thereafter, the current decreases exponentially to a steady-state value which
will tend to be approximately 60 percent of the first full half cycle peak cur-
rent. This characteristic Is a function of the 400 Hz generator design and
particularly the design of the damper cage. For simplicity in conducting this
analysis, t•e exponential decrease in current will be Ignored and the impe-
dance of each generator will be assumed a constant 20 percent with a 0.3
power factor Impedance. Thus, on a per unit basis for 313 KVA generators,
Z = 10.21 = 0.o06 +0.19.

With four generators in parallel, the total ner unit impedance will be 0.015
+ 0.0475j = 10.5 1. Maximum current wili then be E/10.51 = 20 times rated
current of a single generator. A single generator has rated current of 44 ampsK..• at 4160V. Hence, the maximum Instantaneous full half cycle of current would
be 20 x 44 = 880 amps RMS. This value is well below the interrupting rating
of high voltage circuit breakers and fuses. A typical 5KV circuit breaker has
an interrupting rating of 8,800A RMS at rated voltage. Further, the energy
which can be stored in power line and transformer in a 400 Hz system tends to
be in a 60/400 ratio as compared to that in an equivalent 60 Hz system.
Hence, the energy to be absorbed by the fuse, contactor or circuit breaker in
clearing the short is very much reduced, as compared to the energy to be ab-
sorbed in an equivalent 60 Hz fault clearing process.

The DC component of fault current cannot exceed the peak AC fault current.
The energy in this DC component Is low as compared to the equivalent 60 Hz
circuit because it is stored in the system inductances, which are necessarily
low as compared to the equivalent 60 Hz system.

These factors in combination indicate that fault clearing and associated DC
current components will not be a problem in the 400 Hz distribution system.

Short circuit calculations are made for the arrangement described in the engi-
neering calculations of Paragraph 2.17 for Condition (C), Page 26. This is a
16,000 feet high voltage line with load take offs at each 2,000 feet connect-

ing through 75 KVA transformers,
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The following impedances are in line for Position Number 1 which is 2,000
feet from the generating plant.

Per unit generator impedance is 0.015 + 0.0475j line-to-imaginary neutral.
Actual Impedance will be:

E2/KVA = (2400)2/(312)/A x (0.015 + 0.0475j) = 55(0.015 + 0.04751)

= (0.825 + 2.6j)

This Is the transient impedance for a group of four paralleled generators.

At the 115/200 VAC level, this Is multiplied by 0.0025 which provides:

Zg + Z 11 = 0.0025(0.825 + 2.6j) = 0.002 + 0.0065j

Z21 = 2,000 feet of high voltage cable = 0.0006 + 0.0011i

Z31 = 75 KVA transformer impedance = 0.005 + 0.0125j

Z41 = 75 feet of low voltage line = 0.005 + 0.014i

Z51A = 50 feet of Number 2 load cable = 0.007 + 0.C,09j

A short circuit directly at the secondary of the utilization transformer will
be through Zg +ZIl +Z21 +Z31.

ZT1 =0.0076 + 0.02j

IZTlI = 0.021

With source E of 118 VAC:

"I fault = 118/0.021 =5619 amps RMS maximum

A fault at the end of the load circuit breaker will be through impedances
Zg +ZJ1 +Z21 +Z31 +Z41.

ZT2 = 0.0126 + 0.0211j

IZT21 = 0.0250

"I fault = 118/0.0256 = 4609 amps AC maximum
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If the fault is at the end of the load cable (at the aircraft), the fault will

be in series with Zg +Zll +Z21 +Z31 +Z41 + Z51A.

Z13 =0.0196 +0.0431i

IZT31 =0.047

I fault = 118/0.047 = 2510 amps maximum

Faults which occur farther from the generating plant will provide progres-
sively lower fault currents. Thus, if breaker coordination is properly planned
at the nearest load center, it will be adequate everywhere. It will be ob-
served that the high voltage cable made the lowest contribution of impedance.

Hence, fault currents will not increase significantly for shorter lines, nor de-
crease significantly for long runs.

The low voltage circuit breaker recommended in this study is the 225 amp
molded case "J" frame unit with an interrupting rating of 10, 000 amps mini-
mum.
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400 HZ - 4160V DISTRIBUTION BUS

UTILIZATION TRANSFORMER
4160- 120/208V

LINE DROP
COMPENSATOR. C C

A ~CAPACITATIV )
SHUNT FILTER

LOAD CENTER
(TYPICAL)

UTILIZATION TRANSFORMER
4160: 120/208V

SEE NOTE "- R
BELOW

TO OTHERLOADS
LOAD CENTER 

. .

(TYPICAL)

NOTE: ELECTRONIC VOLTAGE REGULATORS MAY BE USED ONLY IN SPECIAL
SITUATIONS - REFER TO PARA. 2.6 - PAGE 14 AND 2.13.b. - PAGE 19.

FIGURE 2
ONE LINE DIAGRAM

400 HZ POWER DISTRIBUTION TO LOAD CENTERS
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SECTION 3 - ECONOMIC ANALYSIS INDEX

3.1 PRIMARY ECONOMIC ANALYSIS

Alternative "A" - Existing Individual Motor Generators

Alternative "B" - Proposed 400 Hz Centralized Plant

3.2 SECONDARY ECONOMIC ANALYSIS

Alternative "A" - Centralized 400 Hz System - Motor Generators -

Low Voltage

Alternative "B" - Centralized 400 Hz System - Motor Generators -
High Voltage

Alternative "C" - Centralized 400 Hz System - Solid State - High
Voltage
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3.1 PRIMARY ECONOMIC ANALYSIS - COMPARISON OF EXISTING IN-
DIVIDUAL MOTOR GENERATORS VERSUS CENTRALIZED 400 HZ GEN-
ERATING SYSTEM

3.1.1 Design Alternatives.

a. Existing individual motor generator units

b. Centralized 400 Hz generating system

3.1.2 Analysis Summary.

Alternatives

"A" 11

Initial Investment, $3,659,867 $1,523,000

Discounted Annual Cost- 4,869,095 1,619,826

Total Present Value: $8,528,962 $3,142,826

3.1.3 Conclusion.

A Alternative "B" has a tremendous economic advantage over Alternative "A
due to slgnificant savings to operating and maintenance costs.

3.1.4 Recommendation.

Alternative "B".

3.1.5 Initial Investment -Alternative "A" (Existing).

Atinual repiacement cost of fixed and mobile equipment is based on the
assumption that 10 percent of the existing equipment will be replaced
annually, and is as follows:

Fixed Equipment:

10% of 3,830 KVA = 383 KVA @ $250/KW = $ 95,750

Mobile Equipment:

10% of 6,480 KVA = 648 KVA @ $560*/KW = $362,880

Total Annual Cost $458,630
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From Table B - Present-Value Table, Appendix D, NAVFAC P-442, the
"cumulative uniform series" factor of 7.980 is selected. (Inflation rate
if not considered; Discount rate 10 percent annually for 15 years).

Discounted Annual Cost = $458,6 3 0 x 7.980 = $3,659,867

* Per Appendix C ($560 per KW).

3.1.6 Initial Investment - Alternative "B" ,New).

Per Appendix E: $1,523,000

3.1.7 Operating Costs.

3.1.7.1 Alternative "A".

a. Fixed Equipment:

414 KW x 8760 Hours 3,626,640 KWH x $0.04/KWH = $145,066
Annual Cost

b. Mobile Equipment:

52 KW x 8760 Hours = 455,520 KWH x $0.39/KWH = $177,653
Annual Cost

3.1.7.2 Alternative "B".

a. Fixed Equipment:

280 KW x 8760 Hours = 2,452,800 KWH x $0.04/KWH = $98,112

b. Mobile Equipment:

13 KW x 8760 Hours = 113,880 KWH x $0.39/KWH = $44,413

3.1.8 Maintenance.

Maintenance costs including spare parts replacement are based on the
assumption that the average cost per unit per month is $100.00 for fixed
equipment and $115.00 for mobile equipment. These values are consi-
dered to be very low.
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3.1.8.1 Alternative "A".

a. Fixed Equipment:

54 MGs x $100 x 12 months = $ 64,800
V

b. Mobi le Equipment:

92 MGs x $115 x 12 months = $126,960

$191,760 Annual Cost

3.1.8.2 Alternative "B".

a. Fixed Equipment:

4 MGs x $100 x 12 months = $ 4,800

b. Mobile Equipment:

23 MGs x $115 x 12 months = $31,740

$36,540 Annual Cost

Note: Assume 25 percent of total present capacity of the mobile
equipment remains in use. The, 25 percent of 6,480 KVA =
1,620 KVA @ 70 KVA average rating = 23 MGs.

3.1.9 Discounted Annual Costs.

(Present worth of 0 and M costs).

3.1.9.1 Operations.

a. Electricity. From Table B - Present-Value Table of Appendix D,
NAVFAC P-442, the "cumulative uniform series" factor of 7,980 is
selected. (Inflation rate is not considered; Discount rate 10 percent
annually for 15 years).

b. Fuel. From Table 7 of Appendix E, NAVFAC P-442, the "cumulative
unaiorm series" factor of 12.278 is selected. (Inflation rate of 7 per-
cent; Discount rate of 10 percent annually for 15 years).
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3.1.9.2 Maintenance.

From Table B - Present-Value Table, Appendix D, NAVFAC P-442, the
"cumulative uniform series" factor of 7.980 is selected. (Inflation rate
is not considered; Discount rate 10 percent annually for 15 years).

3.1.9.3 Discounted Annual Costs.

a. Operating Costs - Electricity:

Alternative "A" Alternative "B"

7.98 x (145,066) = $1,157,627 7.98 x (98, 112) =$782,934

b. Operating Costs - Fuel:

12.278 x (177,653) = $2, 181,223 12.278 x (44,413):: $545,303

c. Maintenance Costs:

7.980 x (191,760) = $1,530,245 7. 9 8 0 x (36,540) $291,569
Discounted Annual Costs $4,869,095 $1,619,826
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3.2 SECONDARY ECONOMIC ANALYSIS PREPARED IN ORDER TO
ESTABLISH THE TYPE AND VOLTAGE LEVEL OF 400 HZ CENTRAL
GENERATING PLANT.

3.2.1 Design Alternatives.

a. Motor Generators (Low Voltage). This alternative requires that the
60 Hz input voltage to the motor generator unit be stepped down to
480 VAC from the primary line which is expected to be in the range
of 5KV to 15KV.

b. Motor Generators (High Voltage). This alternative consists of a

motor generator unit with 4160 VAC input and output. This alter-
native does not require input voltage transformation since the motor
generator unit operates directly at the available input voltage level.
This alternative is limited to a maximum 60 Hz input voltage of no-
minal 5KV, as it is not practical to use motors of higher voltage
rating in the required horsepower range.

In each and every case which requires voltage trunsformaticn of the
incoming 60 Hz power, the voltage transfcrmqtion should always be
down to the 480 VAC level to permit use of the standard motor gen-
erator unit and, therefore, in such cases Alternative "A" applies.

c. Solid-State Frequency Converter (High Voltage). This alternativeU consists of a solid-state frequency converter with high voltage input
(4160 VAC or higher) and 4160 VAC/400 Hz output. Voltage trans-I formation is not required since the solid-state frequency converter
provides the required voltage transformation which may be at 4160
VAC or higher through the use of an isolatior, t.ansformer whose ini-tial cost and losses are included in the economic analysis.

3.2.2 Analysis Summary.

Alternatives

"A" "B" "

Initial Investment $370,600 $459,000 $383,000

Discounted Annual
Costs 572,373 440,113 428,087

Total Present Value $942,973 $899,113 $811,087
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3.2.3 Conclusions.

a. Alternatives "B" and "C" have an energy conservation advantage

over Alternative "A".

b. Alternative "C• has an economic cdvantage over Alternatives "A"

and "B".

3.2.4 Recommendations.

Alternative "B" has the highest initial cost of all three alternatives. Fur-
thermore, the long term savings in operating costs of Alternative "B" are
less than the savings of Alternative "C". Consequently, Alternative "B"
Is not recommended.

Alternatives "A" and '"" are recommended as follows:

a. Alternative "A" is recommended whenever existing 60/400 Hz motor
generator sets are available for reuse at the 400 Hz central genera-
ting plant.

b. At Naval Air Stations where all new equipment is planned, the
following are the recommended alternatives based on current
and projected cost of equipment and power generation:

Alternative "A" - for minimum first cost

Alternative "C" - for minimum life cycle cost

5
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3.2.5 Initial Investment.

3.2.5.1 Alternative "A" - Motor Generator (Low Voltage).

Item Unit Cost
No. Description Quantity installed Total

1 313 KVA-600V Motor 4 $74,000 $296,000
Generator with Step-up
Transformer and Primary
and Secondary Circuit
Breakers

2 1000 KVA Transformer, 2 25,000 50,000
5KV/480V

4! 3 200A-3P-4160V Circuit 2 6,000 12,000Breaker

4 1600A-3P-600V Circuit 2 4,200 12,600
Breaker1

Total $70,600

3.2.5.2 Alternative "B" - Motor Generator (High Voltage).

Item Unit Cost
No. Description Quantity Installed Total

1 313 KVA - 4160V Motor 4 $110,000 $440,000
Generator with Primary and
Secondary Circuit Breaker

2 Control Console 1 19,000 19,000

Total $459,000
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3.2.5.3 Alternative "C- Solid State (High Voltage).

Item Unit Cost
No. Description Quantity Installed Total

1 313 KVA - 4160V Solid 4 $91,000 $364,000
State Frequency Con-
verter with Primary and
Secondary Circuit Breaker

2 Control Console 1 19,000 19,000

Total $383,000
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~jj3,2,6 ONE-LINE DIAGRAMS ALTERNATIVES "A", "B" AND "1C.

400 HZ

ro3TmT(Vx

1000 KVA HV PRIMARY MG 480: 4160V

MG 200A-P
I NPUT OUTPUT 5KV 400

~ ~200A 1t600A

3P-5KV 3PCB 600V
(TYP) C

~-EQUIPMENT INCLUDED IN

MAUFCURRS QUOTATION
ALTERNATIVE AL EQUIPMENT INCLUDED INCANU FACTURER' S QUOTATION

250 KW MG (ALT. B)
250 KW SOLID STATE

200A-3P-5KV FREQ. CONVERTER

(TYPICAL)
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3.2.7 Operating Costs. (Refer to Appendix F for backup data).

Operating costs for the three alternatives are tabulated as follows:

Alternatives

"A" "BC

(1) Power losses through fre- 149 KW 130 KW 112 KW
quency conversion

(2) Power losses through pri- 30 KW
mary 60 Hz, 4160/480V
transformers - 1.5% of
2000 KVA connected
capaci ty

(3) Power losses through secon- 12 KW
dary 400 Hz transformers -
1.0% of 1252 KVA

(4) Total power losses 191 KW 130 KW 112 KW

(5) Total KWH @ 8760 Hours 1,673,160 1,138,800 981,120
per Year KWH KWH KWH

(6) Total yearly cost at $0.04 $66,926 $45,552 $39,245
per KWH

3.2.8 Maintenance.

Maintenance costs for the three alternatives are based on the following
estimated costs:

Alternative "A":

$100/unit/month = $100 x 4 x 12 = $4, 400 per year

Alternative "B":

$200/unit/month = $200 x 4 x 12 = $9,600 per year

Alternative "C":

$300/unit/month = $300 x 4 x 12 = $14,400 per year
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3.2.9 Discounted Annual Costs.

(Present worth of 0 and M costs).

3.2.9.1 Operations.

From Table B - Present-Value Table, Appendix D, NAVFAC P-442, the
"cumulative uniform series" factor of 7.980 is selected. (Inflation rate
is not considered; Discount rate 10 percent annually for 15 years).

3.2.9.2 Maintenance.

From Table B - Present-Value Table, Appendix D, NAVFAC P-442, the
"cumulative uniform series" factor of 7.980 is selected. (Inflation rate
is not considered; Discount rate 10 percent annually for 15 years).
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SECTION 4

APPENDIX

'A' List of References

'B' NAS Miramar - Schedule of Existing 400 Hz Motor Generators
to be replaced by Centralized 400 Hz Motor Generators under
Project P-218

S'C' - Table - Acquisition Cost of Mobile Units at NAS Miramar

'D' Summary of Fixed and Mobile 400 Hz Power Capacity by Station

"El Revised Economic Analysis at NAS Miramar to Conform to Recom-
mendations in Section 2

'•F' - Energy Cost Analysis

'G - Table VIII - Summary of Aircraft Starting and Servicing Electrical
Power (400 Hz) Requirements - Page IV-8 of Report No. 3-75
(Volume One of Two Volumes)

'H' Figure 13 - Typical Diversity/Demand Factors for 400 Hz Power
to support Aircraft Page 111-13 of Report No. 3-75 (Volume One
of Two Volumes)

'i' Technical Proposal for 60/400 Hz, 4160V input, solid-state fre-
quency converter

'J' Conductor Resistance Effects at High Frequencies

'K' Detail of Low Voltage Cable; Table of Typical Characteristics of
600V.and 5KV cable

'1' - JB & B Letter dated August 11, 1976, with questionnaire and out-
line specifications. (Revised to include outline specifications for
line drop compensators).

-M Summary of responses to JB & B questionnaire (Appendix 'L') by
potential suppliers of 400 Hz equipmu..;
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IAPPENDIX 'AI

LIST OF REFERENCES

No. 1 Centralized High Voltage 400 Hz Distribution System: Progress
Report - Prepared by ESA - 742: NWESA

No. 2 Aircraft Ground Support 400 Hz Electrical Power Requirement
Evaluation. Report No. 3-73 dated January 1973 - Prepared by
ESA-742: NWESA

No. 3 Page V-(C)-3 of Report No. 3-75 (Volume One of Two Volumes)

No. 4 NAEC-GSED-86-Appendix C-3M Data from 5 NAS

No. 5 Progress Report No. 1; June 1976 by JB & B

No. 6 Progress Report No. 2; July 1976 by JB & B

No. 7 Questionnaire by JB & B dated 24 June 1976

No. 8 Letter by JB & B dated 18 June 1976

No. 9 Letter with attached questionnaire by JB & B dated 11 August 1976

No. 10 Pages 11-4 through 11-8 from Report No. 3-75, Volume One of Two
Volumes

No. 11 F-14 Flight Line Servicing/Starting Electrical Power (400 Hz)
Requirements Evaluation; First and Final Report. Report No. ST-75R-
74 dated 21 June 1974

No. 12 Report on Electrical Engineering Study of 400 Hz Electric Power at
NAS Oceana, Virginia - Report Number ESR 07-74 dated 1 October
1975.
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A P P E N D I X 'B'

Sheet No.. 1 of • 2

RE: NAS MIRAMAR, CA

Schedule of Existing Individual 400 Hz Motor Generators
To Be Replaced By Centralized 400 Hz MG's Under

.Project.P-218

400 HZ MOTOR GENERATOR SCHEDULE (EXIST)
Item Qty. Bldg. KVA* Output Phase Sheet Manufacturer

No. No. Voltage No.

A 4 K-215 60 120/208 3 E-4 Inet

4 K-215 60 120/208 3 E-4 Inet

B 2 K-277 60 120/208 3 E-5 Hollingswo:-th

8 K-277 60 115/200 3 E-5 Hollingsworth

1 K-277 30 120/208 3 E-5 Elect. Prod.

2 Wells 60 120/?08 3 E-5 Inet.

E 2 402 30 120/208 3 E-14 Elect. Prid.

3 402 60 115/200 3 E-14 Inet

2 402 60 115/200 3 9-14 McDonnell

F 1 456 30 115/200 3 E-14 Elect. Prod.

1 456 75 115/200 3 E-14 Elect. Prod.

G 2 470 50 120/208 3 E-7 Kato

3 470 60 120/208 3 E-7 Hollingsworth

3 Apron 60 115/200 3 E-7 Inet

H 3 490 150 115/200 E-20 Amer. Elect.

2 490 125 120/208 3 E-20 Inet

3 2 500 62.5 120/208 3 E-6 Inet



EAPPENDIX tB

Sheet No, 2 of

400 HZ MOTOR GENERATOR SCHEDULE (EXIST)
Item Qty. Bldg. KVA Output Phase Sheet Manufacturer

No. No. Voltage No.

K 2 K-515 150 120/208 3 E-21 Amer. Elect.

1 K-515 125 115/200 3 E-21 Amer. Elect.

2 K-515 62.5 115/200 3 E-21 Amer. Elect.

1 K-513 100 115/200 3 E-21 Kato

419
L 1 Aircraft 60 200 3 E-18 Kato

Parking
Apron

M 2 K-940 75 120/208 3 E-18 Inet

SUMMARY

Q___ KVA-EA KVA-TOTAL

4 30 .120

2 50 100

36 60 2,160

3 75 225

1 100 100

3 125 375

5 150 750
(KVA per)

54 70.9 (Unit) 3,830 KVA (
(Average)

NOTE: Data obtained from NAVFAC DWG. No. 6076944, Sheet 5 dated 5-14-76
Code Ident. No. 80091

I'



A P P E N D I X 'C

TABLE - ACQUISITION COST OF
MOBILE UNITS

NC-8A: 40,000

SNC-10: 35,000

NC-10C: 40,000

MMG-1A: 20,000

TOTAL: $ 135,000 divided by 4 = $33,750 average cost per unit

Average Unit = 60 KW/75KVA

Cost per KW - $33,750 divided by 60 KW = $562/KW

AW
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APPENDIX 'E'

REVISED ECONOMIC ANALYSIS AT NAS MIRAMAR TO CONFIRM TO RECOMMENDATIONS
IN SECTION NO. 2

$1,102,000 - Per Ref. No:.14, Project No. P-218
421,_000 - Additional Equipment as detailed below **

$1,523,000 - Total

** Furnish and install the following equipment to conform to requirements
of Section 2.

$100,000 - Two 250 KW/312 KVA MG's
15,000 - One 60 Hz 750 KVA 4160:480/277 V. Stepdown Transformer.
20,000 - One 400 Hz 600 KVA 480/277: 4160V Stepup Transformer.
15,000 - Switchgear associated with above Transformer and MG's

169,200 - Line drop Compensators: 47 @ 60 KVA (average rating)- 2820 KVA.

319,200 - Subtotal
15,960 - + 5% Contingency

335,160 -
80,329 + 18% Escalation th~ru March 1978.

395,489 -
25,244 - 94 (+6%) Supervision, Inspection, etc.

420,733 - Total



9. Total cost of power for 400 Hz power generation including loss plus useful
power is based on expected power costs of .04 per KW hour. 3,620,000 x
.04 = $145,065.00 per year.

iI
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1.2 Plan A Estimated Cost of Fuel Consumption for

Continued Mobile 400 Hz Engine Generator Sets

The estimate of power consumption in the form of fuel for operation of engine generator sets
isdifficult to arrive at for a-number of reasons.

The use of the mobile'engine generator sets is where no stationary 400 Hz power is avail-
able, such as locations on the flight line. The use is probably of short duration for most
of the engine generator sets, as contrasted to the nearly continuous operation of the motor
generator sets. Further, fuel is consumed not only in generating 400 Hz power, but also
in movement to of engine generator sets to locations where 400 Hz power is required. All
of the assumptions used to arrive at conclusions of fuel consumption, power consumption
and operating costs are set forth as follows.

1. Total 400.Hz power capaclty for the summation of all engine generator
sets KVA ratings at Miramar NAS is 6480 KVA.

2. It is assumed that 709/6 of all of these sets are in operational condition,
and that 30% of the total are down for maintenance or repair on an aver-

* age basis. Thus, the available cqpacity is .7 x 6480 = 4520 KVA.

3. Fuel costs are estimated on the following basis:

a. Diesel fuel cost at $.40 per gallon.

At 6.7 lbs per gallon, this equals 0.40/6.7 $.06 per lb. of fuel.

b. 5% of the fuel consumed is for movement of the mobile power plants
from one location to another. Thus, 95% is available for power gen-

* eration.

c. Generator efficiency is estimated at 85%.

d. Engine efficiency at full rated load of the generator requires .65 lbs.'

per horsepower hour, as the specific fuel consumption.

e. Fuel consumption per KW hour is then, KW/HP x specific fuel con-
sumption x 1/Efficiency = 1.34 x .6 x (1/.95 x .85) = 1.08 lbs/KW hr.

f. 1.08 lb of fuel per KW hour with fuel cost of $.06 per lb. the cost
per KW hour at full load would be 1.08 x .06 = $.065.

4. The average load is estimated on the basis of operation of the sets for 12 hours
per day with 40% of the available engine generator sets on-line.

.3



5. It is estimated that the average load will be 5.8% of the one-line power.

.058 x 900 = 52 KVA average load.

6. The peak load is estimated to be 35% of the available power. 900 x .35
316 KVA.

I 7. Fuel consumption at no load.is estimated to be 30% of full load fuel con-
sumption and hence cost of fuel will be 30%.of the full load fuel cost.
.065 x .3 = $.02 per KVA Hour of average on-line capacity.

Cost per hour at no load is then .02 x 900 = $18.00 per hour.

8. Fuel cost for useful power is (0.065 - .02) x 52 = $2.34 per hour.

9. Total fuel cost of operation is then fuel cost for power loss plus fuel cost
for useful power. $18.00 + $2.34 = $20.34 per hour.

* 10. Yearly cost will be $20.34 per hour x 8760 hours = $178, 176.00 for total
power of 8760 x'52.= 455,520 KW hours. Cost per KW hour $.39.

!I
4 •



2.0 Central Power System (Plan B)

1. The peak power capacity and the average power con's Iumed are assumed to
be unchanged from present demands.

2. Peak demand is then 460 + 315 = 775 KVA. Based on 312 KVA modules,
the total number of on-line units must be 3 with capacity of 936 KVA.
A fourth unit is required for redundancy.

3. No. of units is based on replacement of all of the present stationary equip-
ment and 75% of all engine generator sets.

-4. No. of on-line transformers are assumed to be equal in total power capa--
city to the combination of mobile and stationary equipment. Total is.

q, 3064 + 5184 = 8248.

5. No load power losses in Item #4 are 1% of capacity of system 82.48 KW.

6. The 936 KVA of spinning generators will have a no load loss of 6% of their
rafi•ng = .06 x 936 = 56 KW.

7. 25% of the mobile equipment will be retained under Plan B. It will be re-
quired to -supply 25% of the average previous load which was 52 KW.
.25 x 52 = 13 KW average load retainred.

.75% of the mobile equipment load will be transferred to the new central
station. .75 x 52 = 39 KW average load transferred.

8. The central power station load will now become the total of the stationary
equipment to average load of 92 KW plus the above 39 KW, or a total of
131 KW.

9. The motor generators will have an additional power loss of 8% of the aver-
age load. Average load is 39 KW + 92 KW = 131 KW. Additional losses
are 131 x .08 = 10.5 KW.

10. Total power consumed is total of used power plus total losses. Used power
equals 131 KW. Losses =56 + 10.5 +82.48 = 149 KW. Total =280 KW.

11. Yearly power consumption is280 KW x 8760 hours = 2,452,800 KW hours x

$.04 per KWH = $98,112.

12. The cost of fuel for operating the remaining engine generator sets is assumed
to be at the original cost rate of $.39 per KW hour average.

Power generated is 13 x 8760 = 113,880 KW. Annual cost of this power is
.39 x 113,880 = $44,413.00. Annual power and fuel costs for Plan B are
then 44,413 + 98, 112 $142,525.00.

5



13. Annual energy savings are as follows:

$145,065 + 178,176 = $323,241 - 142,525 - $180,7`15.00 per year.

$145,065 is cost of energy for stationary power plant operation In
Plan A.

$178,176 is cost of fuel for engine generator set operation in Plan A.

$142,525 is cost of energy plus fuel for Plan B.

$180,715 per year is the net savings of fuel and energy costs for the
central 400 Hz power system.

4R4
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ArPF E ND IX 'G'
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!/

TABLE VIII SUMMARY OF AIRCRAFT STARTING AND SERVICING
ELECTRICAL POWER (400 Hz) REQUIREMENTS

Aircraft Average Maximum Maximum
Type Measured Load Measured Load Calculated

Power (KVA) Power (KVA) Load For
Servicing

_ _ Power (KVA)

A-3B 3.91 6.04 16.4
*,A-4C 1.95 2.68 5.4

A-'6A 4.23 8.65 20.0
EA-6B* 16.50 17.94 --

A-7E 4.39 4.48 9.0
E-2C* 50.00 80.00 7 ?O. o
F-4J 5.46 10.35 20.0
F-BK 2.94 5.19 8.7
F-14A# 17.30 25.60 64.0
P-3C 17.50 36.30 "60.0

( S-2E 2.44 3.56 15.0
S-3A* 30.00 32.00 60.0
CH-53A 3.62 10.35 40.0
HH-3D1 5.36 16.50 15.0

* Not included in the Summary of Aircraft Starting and
Serving Electrical .Power (400 Hz) Requirements as pre-
sented in NATC Report No. ST-75R-74.

# Values changed to this as a result of NATC Report No.
ST-75R-74.

IV -8
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LAPNDIX'I

TECHNICAL PROPOSAL

FOR •
N t60/400 HZ SOLID-STATE

FREQUENCY CONVERTER

Prepared for

Jaros, Baum and Bolles
1052 West 6th Street

Los Angeles, California 90017

TELEDYNE INET
711 WEfT KNOX STREET

GARDENA, CALIFORNIA 90248
Phone: (213) 327-0913 - Telex: 67-7228

19 NOVEMBER 1976
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Uninterruptible Power Systems

Teledyne Inet's 415 Hz Unlnterruptible Power
Systems provide precisely conditioned power for your
critical data/communications requirements. The
heart of this Series is the 75 KVA 415 Hz Frequency . . .
Converter which may be used singly or in parallel for
system redundancy or increased power capacity. In, .
addition to the frequency converter(s), a complete ---- -

UPS system includes associated batteries andt
* specified options.

75 KVAI415 Hz Module

ELECTRICAL SPECIFICATIONS
Voltage Transient 1 8% with 100 ms maximum

Input Response recovery time for:
Volage "208 or 480, 3-phase. "() 50% load step

3 or 4 wire, 1• 10% (b) Loss or return of AC
Frequency 60 Hz. * 5% inpt power
Power Factor 0.85 at full load (c) Adding or dropping one
Harmonic Feedback 10% maximum at full load converter of parallel group
Power Walk-in 15 seconds to full load
Current Umit 125% of full load

Output

Ra*ng 75 KVA
67.5 KW

Efficiency 86% at full load
Voltage Regulation 1 1%
Phase.Angle 120" + 1" balanced load STANDARD FEATURES
Harmonic Voltage .3% maximum single

5% maximum total R.M.S. 9 Output voltmeter and ammeter
Frequency. nominal 415 Hz 1 0.1%

(400 Hz also available) * Battery voltmeter and ammeter
Frequency Regulation :k 0.1 Hz 9 System fault alarms
Overload Capacity 125% for 15 minutes

150% for 2 minutes 9 Line drop compensation. 0 - 5%
Short Circuit 500% for first cycle declining 9 Rear access not required

to 150% until fault clears

711 West Knox Street * Gardena, California 9024e e Telephone. (213) 327-0913 * Telex: 07-7228



60 in 10 - 12 In Wireway 23 In -0- 36in -I
1(152cm) (31 cm) (58cr) (91 cm) AIRI ~ ~EXHAUST

•11 1 (213 cm)

(198cm)

AIR
INTAKE

• r - • .q.. REAR ACCESS
ml J .e=. NOT REQUIRED

FRONT VIEW SIDE VIEW

'Exhaust fens removeawl tor ahwipng.

A, PHYSICAL SPECIFICATIONS ENVIRONMENTAL SPECIFICATIONS

Dimensions 72"W x 83VH x 36"D Operating Temperature Range
(183 cm x 213 cm x 91 cm) Recommended 20*C to 30*C

Weight 4,200 lbs. (1.909 kg) Maximum O0C to 500C
Ventilation Forced alt (redundant Nonoierating Temperature Range 0DC to 709C

blowers) Relative Humidity 0Q to 95 percent
COble Entry Top, bottom or rear

via wireway Altitude 0 to 5000 It. (0 to 1524 m)

Acoustic Noz'e 70 db at 5 ft. (1.5 m) Heat Rejection 625 BTU/min (158 kcal/min)

BATTERY SPECIFICATIONS
OPTIONS AND SERVICES

Type Lead calcium
(clear. shock absorbing. * Central mimic bus/control panel for parallel system A
heat resistant plastic case) * Remote monitor or alarm panel

Number of cells for e Shock protected battery rack
(a) 1.75 VDC end point 120 cells
(b) 1.65 VDC end point 124 cells e Battery dhsconnect switchf • Test console

DC Voltage range 210-300 VDC * Turnkey Contracts

Maximum full load 318 amps DC * Leasing Arrangements
battery current o Maintenance Agreements

e Installation Supervision
_ ATIERY AND PACK DATA e Site Testing

Suppor Time 9 Mm. IS min. (Refer to indvidual Bulletins for detal

SN~mbU 1116.4 INI?0 on above Options and Services)

ToWa Weight S.6o wt S.AW tbs.
112.645 kg) (3.518 kq)

ftwied Size Two 34lv S racik Two 2-twr V raC
15"u x 74'H 20"01 3 S"H

I__(40r cmi lcm) I1 cmi e a 135 CrA) All specifications subject to verification for each order.

S'"-TELEDYNE INET
"711 West Knox Street * Gardena, California 90248 * Telephone: (213) 327-0913 * Telex: 67-7228

B"iletkn 101411-46



~~ I 0"TELEDY-NE IE.~ ~ iF
Uninterruptible Power Systems

,•.;,Teledyne Inet's 415 Hz Unlnterruptible Power Systems
provide precisely conditioned power for your critical
Data/commirunications reqnuirements. The heart of this
Series is the 210 KVA415 Hz Frequency Converter
which may be used singly or In parallel for system ;,
redundancy or Increased power capacity. In addition to
the frequency converter(s), a complete UPS system

d ~ ~includles associated batteries and specifiled options ..... -------.

210 KVAI415.Hz Module

ELECTRICAL SPECIFICATIONS

Input
Voltage 208 or 480, 3-p1)Wolae Trnmsient +8% with 100 ms maximum3 or 4 wire, r*e 10% Rondpois recovery time for: f

;Frequency 60 Hz, *1 5% (a) 50% load stopPower Factor 0.85 at full load (b) Loss or return of AC
SHarmonic Feedb~ack 10% maximum at full load input powerPower Walk-in eS sec. to full Ao41 (c) A5dng or droFuing onewiCurrent Limit 125% of full load system

thecrequncytonveter )paacompete PSrsste

Output

Rating 210 KVA, 0.8 PF
187 KVA, 0.9 PF STANDARD FEATURES
168 KW. 1.0 PFEfficiency 88% at full loadVoltage Regulation 15 s% to

Phase Angle 1200 1t 1 *balanced loIad 9 Battery voltmeter and ammeterHarmonic Voltage 3% maximum single
5% maximum total R.MS. * System fault alarms

Frequency, nominal 415 Hz *k 0.1 %(4 fu Hz also available) l Line drop compensation, 0 - 5%

Frequency Regulation * 0 1 Hz e Rear access not requiredOverload Capacity 125% for 15 minutes
150% for 2 minutes
1Short Circui 500% for first cycle declining
to 150% until fault clears

u 711 West Knox Street 0 Gardena. Califora 90248 Telephone. (213) 327-0913 H Telex' 67-722
OvrodCpct 2%fr1 iue



60 in 12 in Wireway -10 23 in ,.. 36 in - .i
(152cm) (31 cm) (58cm) (91 cm) AIR

" EXHAUST

I~A II Pi 0Ai

45==- .
(225 cm)

t• 83 in

(211 cm)

AIR
INTAKE

S_ REAR ACCESS
NOT REQUIRED

FRONT VIEW SIDE VIEW

"Exhaust fans removeable for shipping.

,!P PHYSICAL SPECIFICATIONS ENVIRONMENTAL SPECIFICATIONS

Dimensions 72"W x 881/i"H x 36"D Operating Temperature Range
* (183 cm x 225 cm x 91 cm) Recommended 209C to 309C

Weight 6,250 lbs. (2,840 kg) Maximum 01C to 506C
Ventilation Forced air (redundant Nonoperating Temperature Range 0*C to 701C

blowers) Relative Humidity 0 to 95 percent
Cable Entry Top, bottom or rear Altitude 0 t9 5000 It. (0 to 1524 m)

via wireway
Acoustic Noise 78 db at 5 It. (1.5 m) Heat Rejection 1303 BTU/min (328 kcallmin)

BATTERY SPECIFICATIONS OPTIONS AND SERVICES

Type Lead calcium a Central mimic bus/control panel for pirallel system
(clear, shock absorbing, * Remote monitor or alarm panel 'a
heat resistant plastic case) * Shock protected battery rack

Number of tells for a Battery disconnect switch
(a) 1.75 VDC end point 172 cells * Test console
(b) 1.65 VDC end point 180 cells 9 Turnkey Contracts

DC Voltage Range 300-432 VDC * I easing Arrangements

Maximum full load 613 ampsDC D Maintenance Agreements
battery current I Installation Supervision

sATTERV ANo RACK DATA a Site Testing

suppoI T-me 7 Min is Mm. (Refer to indiwidual Bulletins for details onabove Options and Services)
Coll Number IN1103 INIM04

All specifications subject to verification for each order.
(6810 kG), (11M3 kg)

Installed Suze Trins2.te r 2 "li cks Tl&Cka 270~f 1'fik

and cluanity 20"D x 53" 1 20o 9 53"H

(51 cm x 136 cm) iS1 cmx 135 Civl

-'6TELEDYNE INET
711 West Knox Street * Gardena, California 90248 * Telephone. (213) 327-0913 * Telex: 67-7228

Bulletin 1020/8-76



'!h'7TELEDYNEINTWI'IEE
Uninterruptible Power Systems

Teledyne Inet's Uninterruptible Power Systems
provide precisely conditioned power for your
critical date. communications requirements at a
remarkable cost-saving efficiency of 90%. The heart j I
oa this Series Is the 313 KVA power converter which
may be used singly or in parallel for system
redundancy or increased power capacity. In addition %
to the power converter(s), a complete UPS system ".7
includes associated batteries and specified options..-

(• 313 KVA Module

ELECTRICAL SPECIFICATIONS
Voltage Transient 1 8% with 100 ms maximum

Input Response recovery time for:

Voltag 208 or 180. 3-phae, (a) 50% load step
3 or 4 wire, * 10% (b) Loss or return of AC

Frequency 60 Hz. * 5% input power
Power Factor 0.85 at full load (c) Manual or automatic
Harmonic Feedback 10% maximum at full load load transfer between
Power Walk-in 15 seconds to full load UPS and bypass line
Current Lmit 125% of full load (d) Clearing a load branch

fuse or breaker rated up
Output to 10% of UPS KW rating

(e) Adding or dropping one
Rating 313 KVA, 0.8 PF converter of parallel group

280 KVA, 0.9 PF
250 KW, 1.0 PF

Efficiency 90% at full load
Voltage Regulation 1J 1%
Phase Angle 1200 :J: 1* balanced load STANDARD FEATURES
Harmonic Voltage 3% maximum single

* 5% maximum total R.M.S. * Output voltmeter and ammeter
Frequency, nominal 60 Hz
Frequency Tracking Range 1 0.5 Hz * Battery voltmeter and ammeter
Frequency Regulation ± 0.1 Hz * System fault alarms
Overload Capacity 125% for 15 minutes

150% for 2 minutes 9 Line drop compensaton, 0 - 5%
Short Circuit 500% for first cycle declining * Rear access not required

to 150% until fault clears

711 West Knox SircP * Ga-drrna. California 90248 * Telephone (213) 327-0913 * Telex 67-7228



-120 in -12 in Wireway""3 nj

(305 cm) (31 cm) 23 in (91 cm)

(152 cm) (152 cm) IAIR
p v-.--1 EXHAUST

"liiii in

83 In
(225 cm)

AIRII INTAKE

II ~...REAR ACCESS
* NOT REOUIRED

FRONT VIEW SIDE VIEW

"Exhaust fans romoveable for shipping.
"WIoeWay replaced by 36'W Cubicle to accomoate Note -Converter may be shipiped as
optional switch gear Complement (rotor to one unit or in separate sections as shown.
Swvitchgetar Bulletin 1016).

PHYSICAL SPECIFICATIONS ENVIRONMENTAL SPECIFICATIONS

D'menslons; 132"W x 881/t"H x 36"D Operating Temperature, Range
(335 cm x 225 CM X 91 Cm) Recommended 200C to 300C

Weight 13,500 lbs. (6,136 kg) Maximum 0OC to 509C
Ven~laionForedair(reundntNonoperating Temperature Range 09C to 709C

blowers)
Cabe EtryTop botomor earRelative Humidity 0 to 95 percent

via wireway Altitude 0 to 5000 ft. (0 to 1524 m)
Acoustic Noise 75 db at 5 ft. (11.5 rn) Heat Rejection 1580 STU/min (398 kcal/mln)

BATTERY SPECIFICATIONS
OPTIONS AND SERVICES 4

Type Lead calciuma
(clear, shock absorbing, a Central mimic bus/control panel for parallel system
heat resistant plastic case) * Switchgear

Number of cells for * Manual or automatic synchronous bypass
(a) 1.75 VOC end point 240 cells * Static bypass switch
(b) 1.65 VDC end point 252 cells * Remote monitor or alarm panel

DC Voltage range 420-590 VDC * Shock protected battery rack
Maximum full load 645 atrrps DC * Battery disconnect switch

battery current *Ts osl
_______________________________ Turnkey Contracts

BATTERY AND RtAM DATA * Leasing Arrangements
support Tite, 6 Milt. 1s mini. * Maintenance Agreements

Cell.Numbff ~ ~ ~ 1117 N?4ainstallation Supervision ý
Cel Nwibe iN7O3iN1O4 Site Testing

Totl eiht 20,30D ie 23400 itte
TOI w~ghi (922? kQ) (10.636 kql (Refer to individual Bulletins for details on

unstaidsz Fouir 2-tier F rock Four 2.i~~ above Options and Services)
eridfeSie 2"Oumntiiy 20"D xi 2030 H53NI

(51 cmi ii 135 cml (51 CMi X 135 CM) All specifications subject to verification for' each order.

O'"TELEDYNE INET
711 West Knox Street * Gardena, California 90248 * Telephone: (213) 327.091360 Telex: 67-7228

Bulletin 1010/1176 (
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FREQUENCY CHANGER, SOLID STATE TYPE

60/400 HZ CONVERTER POWER SYSTEM, 1565 KVA, 0.8 PF.

• A



1.0 SCOPE

This proposal describes a 60/400 Hz Solid State FrequencyConverter power

system. The system is made up of 313 KVA, 0.8 p.f. power converter
modules (PCM), which are poaallelable under load. The power system can

start with two PCM units, with a beginning rating of 313 KVA, 250KW.

Either of the two units can supply full rated 400 Hz AC power, and the
second PCM unit is redundant. For every PCM that is added, the system
power capacity is increased by 300KW, thus a three PCM system will have

2 x 313 KVA of power capacity or 626 KVA of rated power. A six module

system will have five times 313 KVA or 1565 KVA of power capacity of

0.8p.f. or 1250KW total. There is always at least one PCM more available

than the maximum rated load would require.

Teledyne Inet is the principal supplier of 400 Hz solid state converters in

the world. The company has supplied 187.5 KVA solid state 60 to 400 Hz
frequency converters to the U.S. Navy for several years. We are now

supplying these units against a back log of over 150 units, scheduled over

the next five years. They are used also by the Dutch Navy.

In addition to the military 60/400 Hz frequency converters, Teledyne Inet

has supplied over 50 frequency changers to 4. ,)uter customers, where the
Sunits are used to power IBM 370 series control data processor units (PCU).

Social Security computers, HEW computers, CIA computers, and many
others are operating from these 400 Hz converters; rated 75 KVA. The

operational record has been excellent, with very few failures.

lnet Is now manufacturing four 210 KVA 60/1400 Hz converters for the U. S.
Air Force at Warner Robbins Air Force Bose.

These 400 Hz converters are all simple modifications of the Teledyne Inet

- 60 Hz solid state Uninterruptible Power Systems, which the company has
been manufacturing for twelve years. Thus the long experience and

reliability developed in this 60 Hz equipment has benefitld the design of

* the 60/400 Hz converters.

It will be observed that the maintainability of the equipment is excellent.
Most of the active components are mounted in drawers, which pull out for
maintenance. When a drawer is pulled out, there is no disconnection of the

cable, and controls, which are arranged to follow the drawers.



Pictures Illustrate the equipment with drawers in the withdrawn position.

Pictures and catalog sheets are included to illustrate typical equipment.

These Include.

a. Catalog sheet of 75KVA converter 60/415 Hz, Bulletin #1015/1-76

b. Catalog sheet of 210 KVA converter 60/415 Hz, Bulletin #/1021/846

c. Catalog sheet of 313 KVA 60 Hz converter, Bulletin #1010/1-76

d. Picture 75 KVA converter, drawers out.

The frequency converters are not harmed by being subjected to short

circuits. Current is limited to approximatply 200% of normal full rated

current when a continuous short circuit is applied.

2.0 TECHNICAL DESCRIPTION

Each module contains a rectifier to convert 60 Hz AC input power to

regulated DC power and an inverter to convert the DC power to 400 Hz
AC. Each module also includes all logic and controls so it can operate

Independently of all other PCM units. The output of each PCM connects

I through a circuit breaker to the common 400 Hz 3 phase power bus.

Because there is a full Isolation power transformer on both the input and

the output of the PCM, the input and output voltage can be whatever is
required. For example, both the 60 Hz Input and the 400 Hz output voltage

tan be 4160VAC, or whatever voltage is required or convenient. The PCMs

ore synchronized with each other for parallel operation. Each PCM on line,

shares the load equally with other on-line PCM units. If any PCM unit

foils, It automatically disconnects from the input and output power buses,
with only minimal voltage transients, while the other on-line PCM unitsfoils•~ ~ ~ ~ ~ ~ ~ ~~~- itatmtcly icnet ro h nu nd pt falspower the•

pick up and shares the additional load. When a PCM '•it fails, both the

input and output circuit breakers associated with each PCM are caused to
open automatically.

Refer to the Inet catalog sheet describing the 60 Hz 313 KVA power

converter module. The size of the 400 Hz will be identical. Performance

is nearly the some as the 60 Hz units except for the operational frequency
of the Invertor secticn. System characteristics ore listed in table 2-2.



Switchgear is normally provided by Teledyne Inet as a part of the 400 Hz

power system so that circuit breakers and controls are coordinated with the

PCM equipment.

2.2 Frequency Converter Operation.

2.2.1 Control Power. Refer to Figure 2-2, a simplified one-line block diagram of

the Frequency Converter.

Control power connects from the input 60 Hz mains through the control

logic switch SI which is rocated on the switchgeor drawer. Control logic

switch SI has three positions, which are: "OFF", "Maintenance" and

"Operate". When the switch is in the "OFF" position, all power to the

controls and logic are disconnected. A connection is then present to

energize the shunt-trip mechanism on the AC input power circuit breaker

and the output AC power circuit breaker. With the control switch in the

"Maintenance" position, power is upplied to all logic and control functions.

The main DC power of the converter is supplied w;th 24 VDC. This permits

a complete checkout of logic and functional control without applications of

voltages dangerous to maintenance service personnel. In the "Maintenance"

position of the switch, the shunt-trip circuit of the input power and output

power circuit breakers remain activated so that closure of these circuit

breakers is prevented.

When the controls switch is rotated to the "Operate" position, the input

circuit breaker may be .osed, placing thc- frequency converter in 10

operation.

After the frequency converter has achieved stable operation and is in

synchronism with the load line the output power circuit breaker may be

closed. With the control switch in the "Operate" position the shunt-trip

circuits of the input power and output power circuit breakers are

thereafter under control of the "Fault-trip" logic.

2.2.2 System Operation. When the control logic switch described above is placed

in the "Operate" position the logic for the inverter is operational, but gate

drive for the power SCR's is clamped off on the primary side of the SCR

drive transformers. The high voltage DC filter capacitors are precharged

to approximately 400VDC. This precharging serves to eliminate a surge of

inrush current when the input power circuit breaker is closed.



2.2.3 Input Rectification. Closure of the input AC power circuit breaker

connects the three-phase AC power from the mains to the primary of the

full isolntion input power transformer having a wye and a delta secondary.

The input power transformer secondary windings connect to twc, three-'

phase silicon bridge rectifiers. These two bridge rectifiers are provided

with AC voltage from the delta and wye transformer secondary windings

which are displaced 30 degrees from each other. The result is that the

ripple voltage has a 720 Hz ripple frequency (12 times base frequency) in

the rectified DC.

Harmonic current generated by the action of the rectifiers is the I Ith
harmonic of the fundamental, or 660 Hz. This is easily suppressed as

'•ompored with .he problem of filtering 5th harmonic voltages which would
be produced if a single three-phase bridge rectifier were used.

Computer grade electrolytic capacitors are used to reduce the high voltage
DC ripple voltage to less than 0.25 percent. This results in modulation
voltage of less than 0.25 percent in the 400 ,1-4z AC output voltage.

2.2.4 Power Inversion. High voltage DC power (400VDC) connects to three

single-phase SCR inverters. Each SCR inverter uses four power SCR's
arranged in a single-phase bridge circuit. The use of three individual SCR

bridge circuits permits each of the three phases of AC output power to be
individually voltage regulated. Thus output voltage regulation may be

maintained accurately even under conditions of extreme load unbalance.

Each SCR bridge is arranged In two "half-bridge" circuits. Each "half-
bridge" generates a square wave of AC voltage. By phase shifting action on

these two square waves of voltage, a "quasi-square wave" of voltage is

generated, having a controllable fundamental 400 Hz output voltage. The
harmonic voltages present in the quasi-square wave are filtered by the

"harmonic filter" on the 400 Hz output.

The SCR bridge is used not only as an inverter to connect DC power to
400 Hz power, but also as an "ON-OFF" switch. When one of the "Fault
Monitors" senses an error in operation, the SCR bridge is switched to

"OFF". When input power is turned on by action of the input AC power
circuit breaker the SCR bridge is commanded to turn "ON". This

eliminates the need for a high voltage DC contactor. DC contactors ore
generally "high failure rate" components because of their tendency to have

contacts welded closed when DC power arcs occur as a result of contact
bounce.



The four power SCR's in the SCR bridge are commutated off by means of

SI four commutation SCR's which carry only commutation current. The

£J commutation capacitors, reactors, transformers, and diodes complete the

commutation circuit.

L Each of the three SCR bridge inverters are individually protected by a

current limiting fuse.

L Output power from the three SCR bridge circuits conoect throuih harmonic

r filter reactors to the primary of a three-ohase output power transfor mer.
L The function of the three harmonic filter reactors is to limit the flow of

- r harmonic current to the output, while providing only minimal impedance to

L the fundamental component of AC output power.

2.2.5 Output Power Circuits. Output filtering of the hqrmonic voltage takes

advantage of the symmetry of the SCR generated quasi-square wave of[ 400 Hz voltage to eliminate all even harmonic voltages. The phase

relationships between the three quasi-square waves of voltage permit

F" elimination of all odd harmonics which ore multiples of three. Thus
eliminating the 3rd, 9th, 15th harmonic voltage, etc. The principal

remaining harmonic voltages are the 5th, 7th, I Ith and 13th.

A series inductor-capacitor shunt filter specifically tuned to the Sth
harmonic. reduces this harmonic to less than 2 percent. Shunt filter

capacitors are all that ore required to bring all the higher harmonic

voltages to within I percent. Total harmonics are less than 3 percent RMS.

2.2.6 Control Logic. The control and logic assembly contains the voltage

regulation, frequency sensing and time circuits; SCR logic drive circuitry;
and parallel sync circuits required for system operation. Protective

circuits are incorporated within the assembly to isolate or prevent

overloads to critical components and subassemblies. The control and logic

assembly interfaces with all other frequency converter assemblies in

performance of system functions.
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3! The control and logic assembly contains three identical phase regulator

subassemblies. These regulatois contain the circuitry, amplifiers and gates

for output sensing and for wave formations. The frequency control utilizes

a crystal which is so accurate that a frequency meter on a control panel Is

Jp superfluous, since the crystal is for more accurate than any panel meter.

2.2.7 Converter Output Characteristics. Figure 2-3 shows three oscilloscope

"L photos of the output of the frequency converter, rated 75 KVA.

The two upper photos show the output voltage line-to-line waveform for

no-load and full load conditions. The measured total harmonics were 1.8

ri percent and 1.4 percent, respectively. The bottom photo shows the voltage

UJ transients for a zero to full load change with the current trace at the

bottom. The voltage transient is less than 10 percent and recovers In

approximately 5 ms. As can be seen, the results confirm the design

characteristics of table 2-2 regarding harmonic distortion and voltage
'1 transients.

I-'

Communication between converters is by a connecting signal level cable.

If the unit containing the master oscillator should fail or be taken off line,

onolher unit will automatically become the master. When a new unit is

I brought on line, synchronization occurs automatically.

1

I

4j "

r,
•ii



TABLE 2-1

EQUIPMENT AND SERIVICES AVAILABLE

SItem QTY Descr'otion

I 2 to 6 Solid-State Frequency Converter modules, parallelable,

rated 250 KW/313 XVA, 41 6OVAC, 3-ph, 3-w,

60 Hz input, and 4160VAC, 3-ph, 3 or 4-w, 400 Hz

output.

2 I System switchgeor and control assembly containing
module input and output circuit breakers, controls,

metering and alarms.

I Remote monitor panel as described in Paragraph

2.6 of this proposal.

Lot Prefabricated interconnection power cables;

plug-in control cables between modules and system

switchgear and control 3ssembly.

5 Lot Complete installation of above defined equipment.

g'



TABLE 2-2

SYSTEM CHARACTER ITICS

Input Power

Input voltage and frequency nominal 4160 VAC, 3-phase, 4-wire, 60 Hz.

Input voltage range + 10% from nominal.

Input frequency range + 3 Hz from nominal.

Input current, 480 VAC Input 48 amps per line, maximum per module.

Input pf @ 25% load .81.

Input pf @ 50% load .82.

Input pf @ 75% load .84.

Input pf @100% load .85.

Efficiency (6 modules: full load 1565 KVA at 0.8 pf)

Efficiency @ 25% load 82%.

Efficiency @ 50% load 86%.

SEfficiency @ 75% load 86.

Efficiency @ 100% load 90%."

Harmonic current feedback 10%, maximum.

Inrush current Full load current maximum.

Voltage transient acceptance 30%.

overvoltage, 1h cycle

Voltage transient acceptance 25 KV volt peak.

50 microseconds

Output Power

Voltage, nominal 41.60 VAC, 3-phase, 3-wire.

KVA rating, nominal 1565 KVA, redundnat, at full

capacity.

Load current, nominal 217 amps per line.

Load power factor, nominal 0.8 lagging.

Power rating 1250 KW.

Frequency, nominal 400 Hz.



TABLE 2-2

Page Two

Voltage adjustment range + 5%.

Power factor load range 0.5 lagging to 0.7 leading.

Voltage regulation + 0.5%.

Frequency tolerance + 0.1%.

Harmonic voltage, single with 2 RMS, maximum.

linear load

Harmonic voltage, total with 3RMS, maximum.
linear load

Deviation factor, any linear load 5% maximumr.

Voltage blanace for balanced load + 0.25%.

Voltage balance for 15% unbalanced load + 0.5%.
Voltage modulation, any load 0.25% maximum.

Voltage transients:
20% load step applied 2% maximum.

20% load step dropped 2% maximum.
100% load step applied 10% maximum.

100% load step dropped 10% maximum,

10% transient on AC input line 5% maximum.

SI Switching of one module off line 2% maximum with 3 modules or more.

Voltage transient recovery time 5 mx, maximum.

Overload, 110% I hour.

Overload, 125% 15 n.. "as.

Overload, 150% 2 minutes.

Short Circuit available current 300% for first c cle declining to

200% unit fault clears.

Current load sharing with parallel within 5%.
identical units

t:
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RELIABILITY, MAINTAINABILITY & ENVIRONMENTAL CHARACTERISTICS

Mean-Time-Between-Failure per 5,000 hours, minimum.

MIL Handbook 217A (nonredundant)

Mean-Time-Between-Failure per 15,000 hours, minimum.

historical data on similar converters

Mean-Time-Between-Failure 100,000 hours, minimum.

(system level)

Mean-Time-Between-Repair, calculated 20 minutes.

Maximum Time to Repair 210 minutes.

Temperature range 0 to 40 degrees C.
32 degrees F to 104 degrees F.

Acoustic noise on "A" scale at 75 db maximum per ASA S1.4.

distance of S feet
Conducted electromagnetic nosie 20 db maximum above MIL-STD-461 A

Class IIIB radiated.

II

1A
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4 tNDUCICR '.RZS!STANI;:- ='FTECTS AT EIGH nEgumdCms

. .Mulvey

neea Electric Clo-_ezy
Bridgeport, Cor.necticut

tbemagaitude asfrequcrcy ircreases, and for efficient ca~ble a -- ication they

dutenaining the: enprmlt,7 of cables --.t 400 and 800 cycles as related to their a ".city
a~t 60 cycles.

Tin general, tliree-ph53e 14OD or BOO-cycle pover systena are desiged in the a&=~
t*&7 that 61-cytc*e Psystena are desiF~ed, v~th the repalization, that the increused
!frequency. vill !inretr.se the skina andd ;raniity effects Im thhe cotd-ctcro thereb7
!ncreastag tb-- effective conductor resis-oxxce. The increased frequency also Incrcsmset
the circuit reacten-ce whtich combined vith the resistance increases thse volt~ae drop.

The hig!her .0-m-mencies vill. also increase the effect of MrV2netlc rmterircIG U;04
cable ract-ance a-3 heating~. iPor this reason the cables should not 1be r-m in zzesetic
ccdut~t cr too cluso to mn etic structures in the buildeing. The l=esse due to -i
f'reou~zm- Lre t~rv- c-tic.nJ. to the. ccu*re of the liz c=r-ent, and co f or vory e=~11
=-rrents they =7y be negl.igible.0 For_ inmstance, in- the 4vo cycle Uza --ig circuit

v in th 17n~tim Colloge F_'eld HouSe, r-"12 AWO coaductors in standard atoel canduit ware
3.~sd In this ce-se, there I- a fluorescen-t 1ight4ir.~ " o??.of thirty-five c1~tfoot - -

!--ps. Ea':h 7,, 2 X40 circuit coarries omly7 S.6 aezcreo * After the inzstal~atIo_ was
C=Pleted, 70olP.F- reftr'-ý3 fit verious f!_tues s!hc*.*d th-at the voltag~e drops vere
=%~ excersive, md that no real gain vould have resulted fron use a! fibre or ncm-
t a;.met.Lc coudult.(l) PenQir J1- t ) 'urer tests, the use of. n=netic ec::uit chould be A

avcided for c:L-cn-its er:lcying ccaductor sizzes larger than about #6 tA fo 01400
trclbs and ~LA0 A~i3 at BOO Cycles.

~' I . in the dc"±utbat. folic'a -.e will. conns!der only cabtles in %-ir- or in acm-
=`*zeL.ic ccnduait. Also, the cetlea vill be sIngle ccnduct-or 6'%D volt rated nca-
a" types at' the z-a.er-neoprene V~rit in c iUse3 Suc dtA iLU

be zzab:.e vitht =easomabl - econrrc.7 f c- otcher types of six-3Xe c-inductor cables such
gas 4 1 '-rnov.iactic, reubber-braide! or varnshed cwrb-xic cablea.

- Far frequezn-ea tp to about 1000, tho reactance can 'ja talen as diLrectly ..-
*ticmal to the fc:ny Thin neglects the reductien ! in nductrcnc e due to frcezre-cyi,

Out thia chango !-. :ct large =1s tho2 ercr 'Ie zetligible. Fcr hlgler frequencies ths
i]-ucance coz-mcticz should be 1-cluded. In such ceascs tho inductance is given b7

* the follouc.?lng:

L (0~.1:44 logj 0 + .0153 10- EO enrles per 14 ft.

_. L = Inductpance to neutorl.
LT:,= Correction frc= ¶~T-ole, 1.
S -Axial specing bat*;een conductors -inches.

1) .Conductor dlan-ter - ±n-ches.
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CAICUIATION (' RESISTANCE PJ.TT!G

, Ueher and YcGrath (2) show that for any cable system the A :DC resistance ratio
"af the conductor may be expressed

where Yc, T s, end Tp are the effects due to the conductor, sheat: end condult resoe-
tively. Since Ve are concerned vith ncn-m&a'.llic sheaths in air or nc-meta€lic
c€rduit, � yc vill be considered here. lNeher and M.cGrath alzz show that Tc ceM
be expressed as TeS + Tcp, vhere Ycs is the conductor :•c-cnant d.e to skin effect
and Top due to proximity effect. Then

The skin effe( t a affect (, i)rr=ened from the function t(x) pehw
for solid and concentric round eonductors tios give n in Table I. - e have

phere K th- alo i v

., 02T6 " f

f t-Frequency in cycles per secocu.

usthods Rd en Conductor direct churent resstce at c .ueratonr
Tbl tgierature, oC per e 000 feetip

DC Ccriductor die---ter -inches,

" tpS 6 vAxial spacing beteez conductors e Inches-. i

" i a(x) tc unctii n of x frmc Table a.

Equation s (3) and'(4) are-fr= the 3ehor-YmlGrath p-per.
... Data from Table 11 are given !zn 87khicel f cr-, in Firare 1. 7ft" Is interesting
to note •t~ht the s1:in and prcx.mity effict ratios given in Table II =e vithin a var
Sfew percant ce the values given for- values of • up to 150 in Befr~c* (4).

SPres=•_•bly ths values "n that refer-ee--e v'ere calculated for. telo.hc~ne conductcrs ty

=sthods ci-fferent S-ra• t-ose used Vzre for pcjer coductors.

Table II•I gi-;es tb- AC/tC resistm-nce, ratios at CO0"and 800 cy-cles per secca,• f c

typical 600 volt single c-_Au-tor x-ubber-nec:.•rEnn cables in clo~e tri=-ulea"
c•,.iluratic= in air or. n -,•Iconduit. Tdo.e, III also gives the current

Sderating factors braced cn the tor~ia

Derating Factor -
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The a=pacity of a given cue size at 400 cr 800 cps can bI>- dettr-.med b7
tr!tiplying the 60 cycle ratiot :zy the corresponding deratizs fELtor. For the i.L-g&r
s++zes, the de-atirgs are a the c-_erratile side in that they 7-t-.zally are based cm

"DC ratings of t.e c•.4uctars. 7Te small error, on the safe side, can be co-sidered
negligible in viev of posbible variatioas in insulation thicinessea, etc.

It vill be noted that. the resistance ratios given here are '-.sed on Equation (1)
=4 do not include losses in =y netal sheath, az-nor, or conduit. -Losses ia a +iIn
ealuanu arnor tape n=y be smell but those in a netal conduit ccId be large enough
to cause trouble if currents are larege.: .

To evaluate such losses 'and their effect on the cable ratin.s requires ths"
calculation Y and in Equation (I). Fpiricel forurlas for' EC cycles are avail-
able but, as far as Is lca-..n to 'the autb-r, there is no siz.pled-•thod of calculat'cm
of these sheath or pipe losses for hbg! r frequencies. Such a =-.hod vould be very.

4 us

1. Cooper, Berlon C. - "Eigh Cycle Lighting Coes of Age" ..
ELECTICAL CO;SIUCTIM AND M Jr" Ul, 195."

.2. Neher, J. H. and ýMcGrath, M. Z. - AMEZ Transactions Paper 571-6O, "The Calculati•o
of the T-;cerature Rise and Load Ca.ebility of Cable Systems%.

R 3. Race, E. H. and L,.rri•k, C. V. - AM Paper 42-81, "High Freency Coaxial %in*
Calculations". .

14. Herbert, C.J. - "Tran--iss2cm Cha-ectez .stics of Toll Tele;h•-- Cables at
Carrier Frequenctes" - Bell Syttem Tecla.,'al Journal, July 1541

., 9

S.. .. ".1
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February 9, 1S9•



TABLE I Vij ~)

SK=l-M~rCT n.SITA-MrCE AIDTDOACE r

PM SOLM !.RIYJD ZO CZ!- i077EIOAL ST-AZD CO:,DUC¶\-RS

0.0 0.00000 1.00000 2.5 0.17538 0.91314T
*0.1 0.00000 1.00000 2.6 0.20056 0.90326
0.2 0.00001 1.000CC) 2.7 0.22753 0.88823
0.3 0.00004 0.9'"-953 2.8 0.25820 0.871151
0.14 0.0001.3 0.-9M93 2.9 0.286144 0.86012

.000032 0-99984 3.0 0.31809 0.814517
0.6 o.ooo67 0.99966 3.5 o.49202 0.t655o
0.7 (1,00124 0.-9993" 14.0 0.6778T o.66632

S 0.8 0.0212 0.9989" 14.5 0-86275 0.61563
* 0.9 0.00340 0.99330 5.0 1.014372 0.-5 55 77

* 1.0 0.00519 0.99741 6.0 1.39359 0.146523.
1.1 o0C00758 0.99821 7.0 1.74319 ,%.4co2i
1.2 0.01o7o o.99465 8.0 2.093445 o.13•07
o1.3 0.01470 0.9,26' 9.0 2.4o4638 0.31257
1.4 0.01938 0.99017 10.0 2.79557 0.28162

1.5 0.02582 0.98711 21.0 3.15100 0.25622
0. .0o03323 •o.93•2 12.0 3.50358 0.23501

1.7 0.014203 0.997904 13.0 3.65831 0.21703
1.8 0.o5240 0.9739r 14.0 4.20915 0.201600.8 0.oC42 o.96795 15.0 4.56205 0.18822

2.0 o.07818 0.96113 20.0 6.32767 o.14,28
2.1 O.oo75 0.953143 25.0 8.91.3 0.11o307
2.2 0.1=126 0.94482 30.0 9.88101 o.09421
2.3 0.13069 o93512T 40.0 13.39545 0.07C69
2.14 0.1207 o.24?a 50.0 16 .93032 o.85656

.oo..o 20.46541o o,04713
""0.0 .oo53593 0.03535

100.0 ih.6c.266 0.02828
0.00000

o =.276 c c rcsis~# oswr

* - 000 .e6 10.02E8

This table adapted fr= Eefere.ce (3), Table I. •a.
S"r



* TABLE 11I~j ~AC/DC RESI-STAlC-E RATIOS AS CAICLLA 71.0M EnQUATICUS (3) AMD (1.)
-' SXVIl AM~ PRQZZZILIT E:-7E-CTS

AC/DC RATIO

B xu o r* - . r.6 K.. K~.

0* 1.000 1.000 1.000 1..000 2..000* 1.000

•"10 11000 1.o00o 1.000 1.000 1.000 1.001I 5•.-..L . E i:.
20 1.0003 .0 .0 .0 ,0 .0

0 10 30.03 1.004 1.005 1.006 1.008 1.010

50 1.019 1.031 1.038 1 .P47 1.057 1.070

60 1.038 1.062 1.076 1.093 1.113 1.1141

70 1.069 1.108 1.130 1.158 1.192 1.232

so ~ .l 1.172. 1.20 1.2147 1.297 1.3"5
100 " 1.2145 1.33s 1.391 1.57? 1.539 1.637

150 1.731 1.875 1.959 2,071 2.210 2.375

200 2,226 2.391 2.1492. 2.625 , 2.791 3.001

250 2.708 2.885 2.996 3.144 3.333 3,580

500 5.139 5.350 5.495 5.702 5.984 6.379

,80 8.059 8.297 8.482 8.752 9.139 9.689

100o 10.023 10.279 10.487 10.801 11.253 11.913

K v- ; K 0 , ratio is for 54iin effect on4y.
3. r

* K.



n.' A -. R • .r.:..-IMTALLIC WONW=I

3:: LC0 Cycles per See. 80C Cycles per Se_.
A,' Ccnd. Cable DC Cunrent tuque

S• Din. Dia. Ites. Derating Dorating
X--. Inches Imnches K 3 .AC/DC Factor B_ ACD Yectur

l,. .073 .21 .35 3.14 U1.3 1.00 1.00 16 l.oo 1.00
12 .092 .23 .40o 1..7 4.-3 1.00 1.00 20.2 1.00 1.00
10 .U17 .25 .47 1.2.4 i8 1.00 1.00 25.14 1.00 1.00

8 .1*48 .32 .46 .780 22.7 1.00 1.00 32 1.00 1.00
6 .186 .39 ..48 .4190 28.6 1.00 1.00 40.5 1.00 1.00
4 .234 .4.4 .53 .310 36 1.00 1.00 51 1.05 .93
2 .296 1o0 .59 194 45..4 1.00 1.00 64.Lo 1.12, 9
1 .333 .X1 .55 51 1.15 .98 72.2 1.6 .93

0 .374 .65 .58 .122 57. 1.08 .96 81 1.25

-.0 420 .69 .61 .097 6L' .5 1.15 .93 91 .1.140 .
000 .1471 .75 .63 .0767 72.3 1.22 .90 102 1.53 .,81.

"".529 .81 .65 .0608 81.4 -..33 .87 115 1.70 .77

250 .576 .92 .63 .0515 8s.1 1.40 .84 125 1.82 .74
350 .681 1.08 .63 .0368 !05 1.56 .80 148 2.05 .70
50 .8 1.16 .70 .0258 125 1.90 .72 177 2.54 .63
750 1.000 1.38 .73 .0172 153 2.30 .66 216 3.06 .57
10 1.150 1. .029 177 2.60 .62 249 3.144 .5k
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J A R O S', B'AUM" & M BO L L E S Consulting E'ngineers

August 11, 1976

General Electric Company
P0 Box 2830
Los Angeles, California 90051

Attention: Mr. J. Roberts

Re: Feasibility Study - Centralized 60/400 lZ
Generation & Distribution System

Gentlemen:

This office is under contract with the United S:ates Naval Facility Engineering
Command to prepare a feasibility study for a certralized 60/400 HZ generation
and distribution system at 4.16 kV.

The application intended is In the generation and cOstribution of 400 HZ power
at Naval Air Stations throughout the United States.

Your company has been selected as a potential suppliex _, the electrical equip-
ment checked below which will be required for the 400 HZ power systems. A full
disclosure of information requested will aid the U.S. Navy in decisions relating
to the method of supplying 400 HZ power aE many locations, ind may represent sS~significant sales opportunity to your company.

XEquipment requirements will include:

1. Motor generator sets, 60 HZ/40C in power ranges from 100 ýVA to
500 KVA and with output at 3 phase, 4160 VAC.

, 2. Switchgear suitable for 400 HZ power distribution.

3. 5 KV insulated wire,'3 phase, 4160 VAC, 400 HZ distribution, s itable
for direct burial underground or overhead, run in conduit, duct '-ank
or interlocked armor.

4. Step down power transformers, in combination with voltage regulatcl.:.
or line drop compensators to maintain acceptable steady state volt•,'e
limits in power ranges from 30 to 400 KVA.

5. Electromagnetic filters to minimize the transmission of EMI noise from
one load to another via tVe HV power transmission lines.

1052 WEST 6TH SIREET LOS ANGELES. CALIFORNIA 90017 .. (213) 452.7676



J A R 0 S, B A U M & B 0 L L E S Consulting Engineers

A set of questionaires covering the motor-generators, 5 KV cable, transformers
and voltage regulators is included herewith. Please return the questionaires
with appropriate answers and submit a technical proposal backed up with supporting
literature, or as a minimum, catalog cuts of the equipment in which you may have

an interest. Also, please provide budgetary cost for the equipment based on
procurement in 1977.

We require your submission not later than .Septenber. 17' 1976.

Very truly yours.

Paul Katzaroff

3JAROS, BAUM & BOLLES

PK:Jm:.

Enclosure

Il



(1) (2) (3) (4) (5)

Switchgear Cable M C's Transformers & Electromane~tc
r'-cuit Brkrs Voltage Regulators Filters

es

Allis-Chalmers Anaconda Bogue C E Teledyne Inet

i\ FPE" Cyprus Elec Mach Hevi-Duty (Sola)

G-1E Cen'l Cable G E Matra Elec

I-T-E G E Katolight Queensboro

S & C Elec Co ITT/Royal Teledyne Inet Superior Elec Co.

Square D Kerite Co Westinghouse Teledyne Crittenden

Westinghouse Okonite Teledyne Inet

Westinghouse

(

8-11-76



ALLIS-CHALMERS Switch Gear Division
Post Office Box 2505
West Allis, Wisconsin 53214

THE ANACONDA COMPANY
Wire and Cable Division
Greenwich Office Park 3
Greenwich, Conn 06830 (203) 661-0090

BOGUE ELECTRIC MANUFACTURING CO. (201) 525-2200
Patterson, New Jersey 07509 Mr. Kenneth Biber, Marketing Mgr.

CYPRUS WIRE & CABLE CO.
2937 South Tanager Avenue (213) 726-6888
Los Angeles, CA 90040 Mr. Frank X. Duerst, District Mgr.

ELECTRIC MACHINERY MANUFACTURING CO.
800 Central Avenue
Minneapolis, Minn 55413

FEDERAL PACIFIC ELECTRIC CO
3323 San Fernando Road (213) 254-3961
Los Angeles, CA 90065 Robert J. Drejer, Sales Engineer

SGENERAL CABLE CORPORA.TION
500 West Putnam Avenue (203) 661-0100

* Greenwich, Conn 06830

( GENERAL ELECTRIC COMPANY
P. 0. Box 2830
Los Angeles, CA 90051 Mr. John Roberts, System Engineer

HEVI-DUTY ELECTRIC DIV
Sola Basic Industries
P 0 Box 268 (919) 734 8900
Goldsboro NC 27530 R. L. Cornella, VP Mktg.

I-T-E IMPERIAL CORPORATION
P. 0. Box 651
Downey, CA 90241 Mr. Ron Tadman, Sales Engineer

ITT ROYAL ELECTRIC DIVISION
95 Grand Avenue (401) 722-8600
Pawtucket, R.I. 02862 Ralph Anderson, Regional Sales &

Application Engineering
KATOLIGHT CORP
3201 Third Avenue N. (POBox 939) (507) 387-7973
Mankato MN 56001 Carl Buhr, Sales Manager

KERITE COMPANY
A Subs. of Harvey Hubbell, Inc.
49 Day St. (203j, 888 2591
Seymour, Conn 06483



MATRA ELECTRIC INC.
2453 E. Del Amo Blvd (213) 537 4690
Compton, CA 90220 Ken Peugeot

OKONITE COMPANY
237 Harbor Way (415) 589-2362
South San Francisco CA 94080 Thomas A. Kommers

QUEENSBORO TRANSFORMER & MACHINERY CO.
Designers and Manufacturers of Power

Transformers
115-25 Fifteenth Avenue
College Point, New York 11356

S & C ELECTRIC COMPANY
6601 Ridge Boulevard
Chicago, Ill 60626"I SQUARE D COMPANY~Box 2115
Los Angeles, CA 90051 Mr. Robert O'Brien

SUPERIOR SWITCHBOARD & DEVICES
Di,.. of Union Metal Mfg. Co.
Box 590
Canton, Ohio 44701 (216 452-4681

( TELEDYNE CRITTENDEN
13011 S. Spring Street
Los Angeles, CA 90061 (213) 321-4355

TELEDYNE INET
711 West Knox Street (213) 327-0913
Gardena, CA 90248 Jim Vallely, Product Mgr/Power Conver-
WESTINGHOUSE ELECTRIC CORP sion Equipment

9095 Telstar Avenue
El Monte, CA 91731 Mr. Phil Bielsky

8/11/76
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MOTOR GENERATOR SETS

60/400 HZ

GENERAL. Motor generator sets are required to convert 60 Hz, 3-phase,
480 VAC nominal power to 400 Hz, 3-phase, 4160 VAC power. The motor
generator set may utilize a step-up transformer, if required to convert
low voltage 400 Hz power to 4160 VAC. However, if a transformer is
required, it shall be the responsibility of the motor generator set manu-
facturer to supply it and all interconnections between the motor generator
set and the step-up transformer.

The motor generator set/transformer combination must be supplied by a
manufacturer with substantial experience in the manufacture of 60/400 Hz,
synchronous type motor generator sets in the required power capacities.
Motor generator sets shall meet the requirements of MIL-M-4803.

Power requirements will be in the range of 100 to 500 KVA.

The motor generator sets shall be parallelable under )oad, witt up to four
units operating in parallel to provide the needed load capacity and
redundancy. Each motor generator set must be provided with automatic dis-
"connect means whereby in the event that one of the motor generator sets

( connected to the common load bus should fault, the faulted unit will dis-
connect from the common bus without exceeding the specified output limits
of voltage or frequency transient on the common load bus.

INPUT POWER CHARACTERISTICS.

Voltage 480 VAC, ±10%, 3-phase, 3-wire.

Frequency 60 HZ ±5%.

Power Factor 0.90 minimum at full load.

Efficiency 85% minimum.

-- Inrush during startup Not to exceed 150% of full load
operating current.



OUTPUT POWER CHARACTERISTICS.

Nominal Load 150I 300, 500 KVA.

Voltage 2400/4160 VAC, nominal,

Phases 3-phase, 4-wire,

Frequency, steady state 400/60 times input frequency.

Voltage Tolerance +0.5% max.

Voltage Adjust Range *10% minimum.

Line Drop Compensation
a. Resistive 0-5% adjustable
b. Reactive 0-5% adjustable

Voltage Transient 10% for 50% load step at 0.8 power factor.

Voltage Transient Recovery 100 ms max recovery time to with•in 98
to 102% of steady-state voltage,

Frequency Transient *2% for 50% load step.

(t. Harmonic V Itage 2% RMS maximum.
1% max single harmonic,

The motor generator sets, and related controls must be designed to provide
long life, excellent reliability and maintainability, The reliability target
is 60,300 hours MTBF and an on-line availability of 0.9995, Scheduled service
intervals cannot be sore than once per year,

Submit a one-line diagram illustrating the power circuit you propose, and the
paralleling of the system under load, Describe the start-up circuit. Describe

the regulator. Include data on sizes, weight and efficiency.

(



QUESTIONNAIRE 60/400 HZ MOTOR GENERATOR SETS

1. How many years I~n motor generator business?

N 2. How many employees?____

3. Do you manufacture 60/400 Hz Motor generator sets?_____

4. In what power capacities?*____

5. Have you manufactured sets per MIL-M-4803? ____

6. Do you operate under MIL-Q-9858A? ____

7. Have you manufactured 60/400 Hz motor generator sets,
parallelable under load?

8. Have yo'u manufactured motor generator sets operating
at 4160 VAC either input or output? ____

9. Question 08, what power?____

10. Question #8, 4160 VAC, 400 Hz output?

11. Questioni #10, how many years excperience? ____

We will. appreciate a customer list illustrating motor
generator set systems you have manufactured which are
similar to those required in power rating, output frequency,
input and output voltage.
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HV POWER, CABLE REQUIREMENTS

400 Hz, 3-phase, 3-wire, 4160 VAC power distribution systems are being
planned. Use of 3-wire shielded, twisted power cable, rated for 5 KV is
planned. The shielding is required to minimize transmission of 400 Hz
telephonic noise, The cable is twisted to minimize telephonic noise trans-
mission and to maintain a close conductor configuration to minimize voltage
drops due to power cable inductance. The power cable will have soime
distances in aerial spans, some distances in conduit, some sections in
armored cable, or flexible conduit, and some sections in direct burial.

Different insulation types may be required for these different wire
environments. Please advise on this.

QUESTIONNAIRES 5 KV' POWER CABLE

1. 5 KV rated power wire. In distribution of 3-phase, 400 Hz, 4160 VAC
power, what derating factors are required as compared to distribution
of 60 Hz power?

a. What derating factor is advised for voltage?
b. What derating factor is advised for current?

2. What composition and trade name insulation of wire is recommended for
400 Hz, 3-phase, 4160 VAC power distributio-?

a. In conduit?
b. Direct burial?
c, Overhead?
d, Interlocked cable?

Please give reason for recommendations.

3, How much experience time have you had with each of the compositions
and wire types recommended?

4. Are there any special precautions to be followed in terminations of
400 Hz power cable, as compared to 60 Hz power? Please provide the
specification you would advise be placed in the contractor's specifi-

V cation regarding terminations.
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SPECIFICATION OUTLINE

TRANSFORMER / REGULATORS

It is intended that a single manufacturer will be responsible for the
3-phase, 400 Hz step-down distribution power transformer, the voltage
regulators, and controls and protective switchgear, for transformation
of 400 Hz, 4160 VAC, 3-phase power to 115/200 VAC regulated low voltage
power for the aircraft load.

1. Power Transformer. The power transformer shall have a 3-phase, 3-wire deltaI primary winding set, and a 3-phase wye connected, 4-wire secondary winding
Seto

2. Input voltage is nominal 4160 VAC, 3-wire, 3-phase, 400 Hz. Secondary
voltage is nominal 115/200 VAC. Actual turns ratio be exactly 35:1
primary to secondary.

3. Six ratings uf transformers will be required with secondary load ratings of:

a. 30 IVA.b. 60 KVA.
c. 90 KVA.

d. 150 KVA
e. 300 KVA.
f. 400 KVA.

4. Traneformers shall be provided with a shield of sheet copper between primary
and secondary windings. The shield shall be grounded to the core.

5. Primary impedance of the transformer shall be a maximum of 0.6% for resistive
loads and a maximum of 3% for reactive loads, for 100% of rated load current,
at 400 Hz and with all secondary windings short circuited at 25' C.

6. Maximum temperature rise shall be 80* C.

7. Insulation shall bc Class H in accordance with HIL-E-917.

8. The primary insulation shall be adequate to withstand a high potential test of
60 Hz voltage windings to winding and to ground, and to shield of 15,000 volts
for 60 seconds. Primary insulation shall withstand an impulse test of 5n,000
volts for 50 microseconds duration to ground and to shield.

9. The secondary winding shall withstand a high potential test of 4,000 volts,
60 Hz winding to shield and winding to ground.

10. Winding to ground insulation type shall be in accordance with MIL-E-917
requirements for Class H transformers.

.4



11. Transformer tests shbll include.;

al Temperature rise at rated load.
b. Impedance tests with secondary shorted,
c. High potential tests, primary and secondary windings,
d. Impulse test- .Aimary windings.

12. Transformer cabinet ,.onstruction shall be steel with provisions for
forklifting and for lifting.

13. The construction shall be for indoor or outdoor installation.

14. The transformer cabinet shall include a separate steel enclosed
compartment which shall contain a fused oil cut-out switch with properly
rated fuses and with adequate space for an installation contractor to
make connections from the 4160 VAC power line to the fused oil switch.
Fuses shall be readily accessible, and located for safe changing by
maintenance personnel.

15. The transformer cabinet shall also be provided with a separate steel
enclosure which shall contain a molded case circuit breaker, connected
into the output circuit and rated to permit rated output current, and to
protect the transformer from overloads. The compartment shall have
adequate space for connections of the low voltage 400 Hz power distribution
wire to the circuit breaker.

16. The cabines paint shall provide protection against humidity and salt fog
as found in U.S. coastal regions.



VOLTAGE REGULATOR

The 400 Hz voltage regulators will be used to meet requirements of
MIL-STD-704B. Th, voltage drop in the distribution system, which includes
the 4160 VAC power line, the distribution transformers, and the low voltage
power distribution and load cables, will cause up to 5% drop in voltage
under worst case loads. MIL-STD-704B requires maintenance of a maximum
voltage range of 116 to 119 VAC. This range includes voltage variations
from all causes between the 400 Hz generator, and the power plug at the
aircraft. MIL-STD-704B also limits voltage transient recovery time to 80
milliseconds. The specification for the voltage regulators will include
requirements as follows:

1. The voltage regulators shall provide a boost in AC voltage of
between 0 P-1 5% under full rated load, when connected to the
output of t, 400 Hz distribution transformers.

2. The power ratings of the 400 Hz voltage regulators shall corre-
spond to the power ratings of the transformers.

3. Response time shall be less than 80 milliseconds for maximum
excursions of voltages in response to voltage sensing signals.

4. The se 'ng circuit shall provide for boost in output voltage versus
load, i....'h can be adjusted to correspond to power factor of the
load, to thereby provide accurate voltage boost versus load current
characteristics. Range shall be 0 to 5% for either resistive or
reactive loads or combinations of resistive and reactive loads.

5. The impedance of the voltage regulator shall be less than 1%.

6. The harmonic insertion shall be less than 0.25% at any load or
voltage boost condition of the regulator within its ratings.

7. Each phase of 400 Hz AC output voltage shall be individually sensed
and regulated.

8. Steps of AC voltage output shall be less than 0.25%.

9. The voltage regulator shall be convection cooled, witb an efficiency
above 0.99.

10. Regulators shall utilize Class H insulation per MIL-E-917 and shall
operate at 800 C rise maximum at full load.

11. Windings shall withstand 4000 VAC, 60 Hz test potential to ground and
to adjacent windings.

12. The housing shall be steel, weatherproofed, for indoor or outdoor
mounting protected with paint to withstand high humidity and salt
fog as experienced in coastal regions.
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qUESTIONNAIRE TRAN SFO•RIRECULATORPS

1. Howmany years in transformer business? -

2. How many years in AC regulator business?

3. How many employees?

4. Do you manufacture 400 Hz transformers?

5.. Do you wanufacture 400 Hz AC regulators?

6. In what power capacities?

7. Do you operate under MIL-Q-9858A?

We will appreciate a customer list illustrating transformers or voltage
regulators you have manufactured which are similar to those required in
power rating, frequency of output, voltage of input or output.

( r



LINE DROP COMPENSATORS

1. Line drop compensators are intended to compensate for the inductive
impedance voltage drops in power distribution lines, transformers
and load cables, and thereby to improve the voltage regulation at
the load. Line drop compensators shall utilize only passive components,
and shall provide correction independent from power factor or magnitude
of the load circuits within their continuous rating.

2. Line drop compensators shall have the following ratings:

a. Type 1 -'75 KVA, 120/208 VAC, 400 Hz, 3-phase, 4-wire.
b. Type II - 150 KVA, 120/208 VAC, 400 Hz, 3-phase, 4-wire.
c. Type III - 400 KVA, 4160 VAC, 400 Hz, 3-phase, 3-wire.

3. The correction voltage range shall be a minimum of 15 percer-: of the
design voltage, and shall be adjustable in 3 percent steps.

4. The units shall be able to withstand a short circuit current of 500
percent for 10 seconds without exceeding the voltage rating of any
capacitors. They shall operate within component temperature limits
with a 400 C ambient and a continuous overload of 125 percent of
rated load.

5. Oil capacitors shall be operated at a maximum of 10 percent of their( continuous KVA rating and not more than 35 percent of either their
voltage or current ratings,

6. The reliability shall be a minimum of 50,000 hours MTBF by calculation

using MIL Handbook 217B.

7. Dimensions shall permit installation in the space provided in the
corresponding KVA rating of 400 Hz power.

8. Convection cooling shall be provided, without use of blowers.

9. The units shall accept high potential to ground testing at five times
operatino voltage throughout the electrical power circuits using 60 Hz
test potential.

10. A double induced voltage test shall show no evidence of electrical corona.

11. Testing shall be required to demonstrate that the equipment meets all
electrical requirements.

12. The manufacturer will be required to submit a test orocedure, acceptable to
a Government designated agency. A test report will be required prior to
acceptance.



APPENDIX W

SUMMARY OF RESPONSES TO JB & B QUESTIONNAIRE
BY POTENTIAL SUPPLIERS OF 400 HZ EQUIPMENT

A number of manufacturers were contacted in writing with letter dated
June 18, 1976. Due to poor response, a second letter with outline
specifications requesting information on various products dated August 11,'
1976, was mailed to a number of manufacturers.

I The response to the August 1lth. letter was better than the response to
Sthe first letter. However, even this second letter was not answered by

many of the manufacturers who were contacted.

The various products were divided into four (4) major groups':

(1) Switchgear, circuit breakers, fuses.
(2) Cable: 600V and below; 5 KV

* (3) Motor generators. :.'-.

(4) Transformers and voltage regulators.

pf



(1) Switchgear, Circuit Breakers, Fuses

Mfg.
Name Response Description

Allis-Chalmers No -

FPE No -

GE Yes Letter dated October 5, 1976
ITE No -

ITT Jennings Yes Cat, No. IJ203A
S &C No
Square D No
Westinghouse Yes Letter dated 9/12/76 (irrelevant - concerns

75 KVA motor generators for computer applications)

Notes

1.0 GE Co. has submitted the following comments concerning derating factors:

Low Voltage Switchgear: 60 Hz Amps x 0.55 = 400 lz Amps
Low Voltage Switchboards: 60 Hz Amps x 0.85 = 400 Hz Amps
2.4 KV to 13.8 Metalclad'
Switchgear: 60 Hz Amps x 0.50 = 400 Hz Amps

Fused Cutouts: 50 Hz Amps x 0.50 = 400 Hz Amps
Molded Case Circuit Breakers

and Fused Switches: 60 JihL x 0.85 = 400 Hz Amps

2.0 ITE Jennings has submitted the following comments:

Vacuum contactors may be used for control of 400 Hz circuits in lieu
of circuit breakers or fused switches. Main advantages of contactors
operating within a vacuum are as follows:

Reliable operating mechanism
No contact maintenance
Long life
Safety
Compactness



AA ~APPARý. 'GENERAL ELECTRIC
DISTRIBUTION • -. ,

SALES -

GENERAL ELECTRIC COMPANY, 9350 E. FLAIR DRIVE, EL MONTE, CALUFORNIA 91734 D IV I S 101 ,
Phone (213) 572-5200 .I N•'• MAILING ADDRESS: P.O. 8OX 2830, TERMINAL ANNEX, LOS ANGELES, CALIFORNIA 90051• ~October 5, 1976

Mr. Paul Katzaroff
Jaros, Baum & Bolles, Consulting Engineers
1052 West 6th Street
Los Angeles, California 90017

Subject: Equipment available from General Electric Company for
operation at 60/400 HZ.

Dear Paul:

I am sorry that the accumulation of 400 Hertz equipment has taken
so long.

The General Electric Company has a complete line of 60 Hertz
electrical equipment; however, 400 Hertz equipment is special, or
not available, from many of our product departments. It is hard to
build a business unless there is an available market for the end
product. I have found that our Transformer and Large Motor & Generator
Departments do not see enough of this equipment to set up special
designs for 400 Hertz. If the available shows up in the future, 1
feel we will take a new look to determine whether or not we wish toparticipate in this market.

In order to give you an answer to some of your questions, I wish to
list the following per your 6/18/76 letter:

1. Motor - Generator Sets 60 - 400 Hertz:

We have Motor Generator ,iets available at 60 HZ; however,
400 HZ. is a special and we have withdrawn from the 4160 volt.
At the present time, we have a 75 KVA 60-415 Hz. package
available for computer applications. Should you require 400
Hz. exactly, this would be a special.

2. 400 Hz. Transformers:

We do not have a 400 HZ. transformer design above 10 KVA and
this is in the low voltage class 480 volts.
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3.(a) Molded Case Breakers and Fused Switches:

60 HZ. current rating x .85 = 400 HZ. current rating.

, (b) Low Voltage Switchgear:

S60 HZ. amps x.55 = 400 HZ. amps.

(c) Low Voltage Switchboards:

60 HZ. amps x.85 = 400 HZ. amps.

(d) 2.4 KV - 13.8 Metalclad Switchgear:

60 HZ. amps x .50 = 400 HZ. amps

On H.V. Switchgear, the relaying cannot be too expensive at 400 HZ.
It may be necessary to rectify the short-circuit current output
from CT's by means of a diode rectifier and use D.C. instantaneous
relays.

4. Fused Cutouts:

60 HZ. amps x. 50 = 400 HZ. amps.

5. 5 KV & 480 Volt Cable:

See attached cable fact letter.

Paul, from my discussion with various people in the General Electric
Company, I find that we do not specialize in 400 HZ. equipment. For
this reason, it has been difficult for me to give you a reply which
may be of much help to you.

I understand that there are several companies who specialize in 400 HZ.
equipment designed to MIL specifications.

I hope this small amount of information I am giving you will be of

some help to you in your study.

Ve-y truly yours,

/ •Jhn M. 1o~erts
•_,-Systems Engineer

gt
Attachment:

Cable Facts, Feb. 1957



4Aý~ 0 ftimportant and interesting
/ A' I I nformation from the files of

i. the General Electric
lk- Wire and Cable Department

WIRE AND CABLE DEPARTMENT... BRIDGEPORT 2, CONNECTICUT

aw. o B. J.MleG-E Wire and Cable Application Engi.
! I,• nteer, has had considerable experience dealing with

•,. wire and cable applications for high frequency power"systems. We thought you'd be interested in the follow.

ing explanation of the effects higher frequencies hove
on wire and cable.

S. J. MULVEY
G-E WIRE AND CABLE
APPLICATION ENGINEER

February 1957

In, general, 3-phase, 400-cycle power systems are designed in the same way that 6 0-cycle
systems are designed, keeping in mind that the increased frequency will increase the skin and proximity

effects on the conductors, thereby increasing to the effective copper resistance. For a given current, thisincrease in resistance results in an increased heating and may require additional copper. The increased

frequency will also increase the reactunce, and this combined with the increased resistance will increase
the v¢Itage drop. The hignet frequency will also increase the effect of magnetic materials %.pon cable re-
actance and heating. For this reason the cables should not be installed in steel or magnetic conduit or
run along on magnetic structures in the building, etc.

Thecurves on the other side of this sheet show the AC/DC resistance ratio which would
exist on a 400-cycle system and the resulting reduction in current rating which would be necessary from
a heating standpoint to counteract the effect of the increased frequency.

The reactance can be taken as directly proportional to the frequency without introducing any
appreciable errors. This method of determining reactance does not take into accousit the reduction dueto
proximity effect, but this change is not large and the error introduced by neglecting it is small.

The curves weit dr4wn up for rubber or Flamenol cable but will be equally applicable to any
600 volt single conductor ct.ble in the same non-magnetic conduit, or to interlocked armor cable with alu-
minum or bronze armor.

I believe this curve sheet together with the usual 60-cycle current carrying capacity tables
which are available from many sources wall give the user all the information he requires at this time.

Where voltage drop is the limiting factor, the usual procedure is to parallel small conductors.
This is often also done with larger current ratings.

(over)

GENEsR OAL Mo EL ECnpomv RId C
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vacuum contactors
ITT Jennings vacuum contactors offer onQ of the most reliable is such that many of the original units are still in operation, ,
means available for remotely controlling electric power. and their acceptance has increased with each year.

Composed of a vacuum interrupter and an actuator linked
together by an insulated actuating rod, they provide all of the 7. Low Contact Resistance - ;eraans low and stable for the
operating advantages of a vacuum interrupting medium plus life of the contactor.
the benefits of a matching actuator - solenoid, motor or air -
to meet specific application requirements. APPLICATION NOTES

Linkage and standoff posts which isolate the high voltage
from ground are composed of epoxy glass laminate for DC or ITT Jennings vacuum power contactors are used for con-
low frequency applications and silicone glass laminate for rf trolling dc, 50. 60, and 400-cycle circuits and other fre-
switching. Heavy duty connectors are provided for the high quencies up to and including RF at all voltage levels. Their
voltage connection. Most vacuum contactor. also have two principal use is in high power electronic equipment, but some
SPDT switches as auxiliary contacts. of the unique advantages of switching in a vacuum make them

useful in many industrial applications. Many kinds of test,
VACUUM CONTACTOR ADVANTAGES production, or processing equipment have requirements for

long contact life without maintenance, for low cost high
ITT Jennings has adapted their proven vacuum interrupters voltage control, or for sealed contacts because of difficult
for contactor use in order to offer the reliable, no-maintenance environmental requirements. Vacuum interrupters are inher-
features of this unit for industrial motor control and oiher ently suited for these types of applications and are finding
systems operating at a wide range of currents and voltages. many new fields of usefulness due to recent advances in
Specifically, the operation of contacts within a vacuum offers vacuum interrupter technology and the availability of new
such inherent advantages as: low cost units.

ITT Jennings vacuum interrupters are sold without actu.!. No Contact Maintenance - Contacts are sealed within a ating mechanisms to switchgear manufacturers who market
very high vacuum and remain clean permanently. There is no them in high voltage load break swptchgear. in circuit breakers,
contact oxidation or possibility of foreign matter forming on and in high capacity motor starters. Our line of solenoid
the contacts and leaving contaminating residues, actuated vacuum contactors are designed primarily for the ,,/ ,
2. Long Life - The arc that results as the contact is made or electronics OEM market and for some industrial applications
broken is quickly extinguished within a vacuum. The special with severe service requirements that are not easily met by
contact material used erodes at an extremely slow rate conventional NEMA rated equipment.
to provide reliable operation for tens of thousands of
operations. AC SWITCHING AT POWER FREQUENCIES

3. Environmental Safety Factor - Vacuum contactors are The most common power frequency applications for ITT
being used in enviromnents involving corrosive atmospheres Jennings vacuum contactors are for switching and protecting
because there is no exposed contactor arcing. the power transformers used in d& power supplies or in pro-

cessing equipment with severe duty requirements. Most trans-
4. Compact, Reliable Operating Mechanism - The high di- former switching is done on the prunary side for off-on con-
electric streng.a of a vacuum mminimes the contact-to-contact trol, or to switch out current lumiting resistors or reactors used
gap required to interrupt current, even at high voltage, high for reduced voltage starting of power tubes. It may be neces-
current levels for which some ITT Jennings contactors are sary to use additional backup fault protection to take care of
designed. This short contact stroke not only provides high prinmart hne side faults. This is sometimes accomplished by
operating speed but also reduces the size and weight of the using a current himiting fuse or coordinating with a high
operating mechanism used Mechanical life of ITT Jennings capacity system breaker already located in the primary side.
vacuum contactors range from 50,000 to mnoe than a million However, where frequent faults are anticipated, vacuum con-
operations, depending upon the device. tactors offer a mnudi longer life with no contact maintenance

5. Eliminates Arc Chute Replacement - Ordinary air break and th)ey are often less expensive.
contactors require fragile arc chutes to extinguish :he arc that
forms when the contact is broken. Arc chutes are damaged HIGH VOLTAGE OVERCURRENT RELAYS
with use and ultimately requite replacement. The manner in
which vacuum contactors operate causes the arc to be ex- It is often better to sense ovcrcurrents in the high voltage
Stinbuished rapid) without any damage or wear. secondaries oi in the dc line si•.e the o~ercurrent relay can

then be adjusted closer to the normal operating •.urrent with-
6. Proven Operation - ITT Jennings has been supplying out allowiig lot transfornie inrush current (%hich may be
vacuum interrupters for several decades for use in electrical tO to 20 times normal tue ,.urrenlt I IT Jenniigs high voltage
power generation and distributi..n systems operating at all overcurrent relays arc designed to operate vxiih this contactor
voltage levels. The long life and reliability of these devices line and are well suited to sensing in high voltage circuits.

2
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VOLTAGE TRANSIENTS AC CURRENT RATINGS

i! Voltage transients due to chopping have become a relatively Continuous current, and maximum interrupting current ratings
/ 0. minor consideration because of the unproved interrupter are all rms values and should all be considered in selecting the

design. In the small percentage of cases where a chopping proper contactor. Continuous line current can be calculated by
problem may exist, the circuit can be designed to overcome dividing the total three phase KVA by V and then by the
the problem. For a high-voltage transformer where switching line to line voltage.

Sis performed in the low voltage primary, non-linear resistors; When maximum fault curiente are calculated, consideration
e.g., thyrite resistor, ZnO, etc., can be connected across the should be given to the fact that tie first loops of current flow
load, For switching in tie high voltage secondaries, a more can always be asymmetrical (See Fig. 1) by as much as 2.7
Inductive circuit, RC filtering is recommended. RC protection times peak instantaneous value or 1.6 times RMS value of the
consists of 0.12 to 0.5 mfd in series with 20 ohms per KV steady state for the first loop. The asymmetry factor (R.MS
across each transformer winding. In wye connected trans- ratio) decays in most practical cases to almost the steady state
formers, suppression should be from line to neutral. value I in approximately 4 cycles (for more information contact

For further information about voltage transients, refer to ITT Jennings). Therefore the faster the contactor opens after
•jt the ITT Jennings catalog on Interrupters. Initiation of the short circuit (consider sum of minimum trip-

ping delay plus contact opening time) the higher the asym-
RATINGS metrical current it has to interrupt. Maximum interrupting

currents used in the rating charts assume an asymmetry factor
AC Voltage Ratings - Test voltages for power equipment are of I 9. (CONTINUED ON PAGE 10)
given in volts RMS whereas those for RF switches are given in
volts peak due to common practice in those industries. In a
circuit with a delta or ungrounded wye connected transformer
the vacuum interrupter sees, under normal operating condi-
tions, a maximum of 87% of the line voltage but with a
grounded wye connected transformer it sees only line to
neutral voltage (which is line-to-line voltage divided by -,/3). Fig. I

DESCRIPTION in vacuum level because the released metallic ions actually re-
move gas molecules from the evacuated space. This ion-pumping

This figure illustrates the construction of a soN ,oid-operated action tends to maintain dhe vaeu,.',i nEar the high initial value.
ITl' Jennings vacuum contactor. The basic parts of the unit are
the vacuum interrupter, the actuator (a solenoid in this case
although motor driven and pneumatic units are available) and AMRE&CiAL

S1"A~I •AA CiC1Re~tCAL

an insulated actuating rod linking the two units together.
The interrupter consists of an evacuated ceramic insulating

envelope in which there are two contacts, one ii\ed and one
movable. The movable contact is operated from tile outside vAuUMoIElEcTRI
through a ,metallic bellows which provides a vacuum-tight seal. ME IVAPOR -,MAVY O.,YCONTACTS

A vacuum has all exitreely high dielectric strength - as IXECONA -- - ,
high as 5000 volts per nit %N1ien the contacts are opened to ---

interrupt current flow. metal vapor is generated by the passage C-11 A RA1IO N

of current through tile contacts The vapor sustains tihe arc that M- -- I T ALSLCo,

is created, maintaining it dowii to or near current tero. *-. V..E..,

The sinal! arc drawn on .ontact opening is qmickl\ extin- h 1-- .. ..

quished because there are no gases and thier, is only a slmall MOVAL ELETRICtA

voltage drop across it. As the arc estingUishes, lke metalhic 'tRM.%"L
vapor rapidly diftu,'s outwsard and condenses on tile cool
surface of thie japor shields. %,ldich sere to present it froni 1 UNCOAPtLATE

deposltilll Oil ihe k.emamu, il1slaUlluig irIN ae• ¢LIEVd

Fast atrc e\tii•i. tin'i and iapid re,.oer, el dielct :i, strength N, 0,0-NC

atlter , n tai I opcning .u " a ' hara' teui rll1 ot i nIuti inTu t~ijlters
A unique pheltoienori s"lltllh? v al- WUI. i nl "t tt Ir b u• o u - ..... ,T

maintenance ot the %at ujm I lit nietallic ions released Itoll, the L .

( , con ta\ ts pros ide a ietterui,.. action lests hi ve shli\ i that fre- .

' ."I.: 1k 1'0:1, '1 tileu ii t j" 2 kA cnt i-~
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three pole vacuum contactors

-Ratedv GENERAL SPECIFICATIONS

V Volts RMS 600
.- ,- 50/60/400 Hz
.. . Rated Continuous Current

-~Amps Rrs 200
Max. Interrupting Capability

Current 2000
Amps Rms

Load Life
(Min.) 250,000

MODEL RP1518Bes hn
InterruptLess Than

A small. iig.iweight 3 phase, normally open, 200 amp vacuum Icycle
contactor for use in equipment which requires a high speed Auxiliary 2SPOT
interrupt time. It is useful as an overload interrupter to Contacts 230 VAC/10A
2000 amps nris interrupting capacity. Special erosion resis- Weight 16 lbs
tant contacts offer long life without adjustment or contact
maintenance at rated current of 200 amps. Typical test t

Contact opening time 8- 10 ms after DC Solenoid is denergized.
results indicate a minimum electrical load life of 250,000
operations.

ACTUATOR SPECIFICATIONS

Model No. Actuator Iuli Hol_Voltage Current Amps Current Amps

RP151B4541X44R20 26.5 VDC 2.8 .4

RP15184541X45R20 48 VDC 1.3 .15

RP15184541X46R20 100 VDC .7 .09

RP151B4541X47R20 115 VACR .7 .09
50/60/400 Hz

HOLES
Ofti

HIGh VOLTAGE TERMINALS 112 3. 08) HIGH VOLTAGE TRMINALS

lefI iPLI

.0 ~ 94 Y

VAC WSd A A

C a
AUXILIARY C AUILAR 0

C Tcs.I I . SC A0 I--l. .-

115 VACAR H VOC

TIi Pd

PARESf 66SARES IC

M 21 DIA - I74720 27PIBENDIX)RECEPTACLE
4 HOLIE.S MAltS nIIH MS 3106 AND 3104 TYPE

PLUGS

4L



GENERAL SPECIFICATIONS
Rated Voltage

SVolts RMS 1500

Rated Continuous Currnt

• Amps Rms 300
Max. Interrupting Capability

Current 3000
Amps Rms

Load Life
(Min.) 250,000

MODEL RP155B Less Than

A small, lightweight 3 phase, normally open, 300 amp vacuum Interrupt Time 2 cycles

contactor for use in equipment which requires up to Nema Auxiliary 4 SPDT
size 5 contactors. It is useful as an overload interrupter to Contacts 230 VAC/SA
3000 arpps rins interrupting capacity. Special erosion resist- Weight 25 lbs
ant contacts offer long life without adjustment or contact
maintenance at rated current of 300 amps. Typical test
results indicate a minimum electrical load life of 250,000.
operatlons.

ACTUATOR SPECIFICATIONS

Actuator Pull.in Hold Mech.Model No. Voltage Current Amps CurrentAmps Life (Min)

RP155B4544X44TX0 26.5 VDC 16.5 1.65 2.5x 105

RP155B4544X45TXO 48 VOC 9 0.9 2.5 x 105

RP15584544X46TXO 100 VDC 4.3 0.4 2.5 x 105

RP155B4549X41TX0 (60 Hz) 1 V 2
RP155B4549X4KTXO (50 Hz) I
RP155B4S49X42TX0 (60 Hz) z
RP155B4549X4LTXO (50 Hz) 230 VAC 8.6 .83 1.0 x 106
RP155B4549X4LTXO (60 Hz) 6
RP155B4549X43TX0 (60 Hz) I 460 VAC 6.2 0.42 1.0 x 106
RP155B4549X4MTXO (50 Hz) j

LOAD COIRL1ANL

31 DIA 04&

-AA

VACU9 12

G 0 P9-K4 12VA

5

t! t -



high voltage alternating •L=L .

and direct current contactors 0 0
S[it' IHIGH VOLTAGE TIERMINALS

V , 1 32 .. •/

-'SS107375

-. 7 4 j9

i ~~~~~ ~ HG VOLTAG RP0F R13 YP I0KoR9

TNER "AL STRPFI T

ij 1313

131 201, 4I HOLESHLE

.. 4 TERMIPIAL.STRIP

SSERIES. RP10O1F... RP1I03F RP901K RP900K .

Test Voltage 50 50 70 70 HOLE

(KV Peak) .... _ on-

Rated Voltage

(KV Peak)
2  3__3___0_50

Rated Continuous Current 100 DC 100 RMS 100 DC 200 RMS
(Amps)

Max Interrupting Capability - 2000 - 4000
(Amps Rms)

Max. Interrupt 500 500
DC Power (KW) (t0A Max.) - (10A Max.)

Capacitor Discharge 50 - 100
Decaying to 0 in 200 us K Amps K Amps

Contact Resistance .005 .0005 .0005 0005
(Ohms Max.) _ 0005 _0005__ 0005 _0005

Contact Capacity (Pf) 4.5 4.5 55 5.5

Contact Inductance (nH) 32 32 45 45

Mechanical Life ( x 105) 1 1 1 1

Weight (Lbs.) 8-3/4 8-3/4 I 15 15

Auxiliary Contacts 2 SPDT 2 SPOT 2 SPOT 2 SPOT
Auxiliary Contact 230 230 230 230

(Volts AC Rms) 
230 230

Auxiliary Contact 15 15 15 15
Current (Amps Rms) 

15...

1When ordering, select specific nrodel from Actuatof Specifications table.
2

Derate to 15.5 kv ins for 50/60 cycle p,*"r.
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ACTUATOR SPECIFICATIONS

I Contact Actuato Plin f Hold Hol iet Break
ModelI

3Number *Voltage Cret Current Power IClose, Typ., Time, Typ.
Aragln Volts) (Amps) (Amps) (Watts) (Millisec) (Millisec)

1POF93280 NO15 685 0.53 25 60 50
-I N/C 100 10S R

RP10IF4904D21820 NC j 60HzRS RS ____ ___

RP101F4304D26B20 N/ 0 0.7 0.09 155 42
__________ CI DC DC I__

RP103F4903D21820 N/O I
_______________ ________ 115 685 053 25 60 s0

RP103F4904D21B20 N/C 60 Hz RMS RMS

1RP103F4304D26020 N/C 100 07 009 10 55 42
DC DC DC

RP90'.%ir~ I B830 N/O1
I115 6.85 053 25 60 5o

1RPrJ1K4904D21B30 I N/C 60 Hz RMS RMS

'iP901 K4601 026830 ] N/O 14 11
RP0K600630 NC100 375 0.2 20 1IP1K62280 NCDC DC 0C 27 17

RP900K4903D21EL30 N/O 11I8 532 0 5

RP900K4904D21630 N/C 60 Hz RMS RMS

RP90K6012630 /O100 375 0.2 I 20 1

RP900K4602D26B30 N/C DIC DC DC 1 ___ 27 17

3 Chsange green number "I" to "2' of 230 volt 60 Ht actuation is desired For 115 volt 50 Hz change number to "It" For 230 volt 50 Hi change

nun**t to "V". Specifications remain the same

high voltage overcurrent relays
Switching of high voltage dc circuits is one of the most
challenging of all sw~tching functions. To provide the switching
speed necessary for such operations, ITT Jennings offers a COI.AE

line of highsly sensitive overcurrent relays designed for ex- TERIPALS

trenmely fast operation at high voltage levels.
A rise in cusrrent in the high voltage luie energizes the AUXIL.IARY CONTlACTS

trip solenoid which is insulated from ground by 6 " of NEMA
Grade GIlI epoxy glass laminate to handle voltiges up to 75 1r&- -
kv. In turn, the trip solenoid actuates a SPDT switch mounted
in the base of the unit via a lightweight insulating rod. This F7
interlocking SPDT switch can be used to trigger operation of aseparate ITT Jennings vacuumi contactor to interrupt the I

overload current. ~1
The overcurrent relay will operate in 4 nis maximum when

aten times overload is sensed. After the overcurrent relay is
tripped, it must be reset with an enclosed 115 VAC solenoid r~uu ore-1
before the main contactor can be energized. I1
The following sensing range's are av'ailable*?r

MODEL NUMBER CURRENT RANGE 4 OE$j0

- ~ 1. 4701021HAO .2 to 1.0 amps ccL__

2. 4701D21HCO 13to i5amps dc so01

4. 470102)HGO 10.t ý) ýPd

"Special Inp ranges arailabke on re'quest

7



high voltage vacuum rf contactors

RF SWITCHING APPLICATIONS C
Vacuum contactors solenoid operated, air actuated, or motor The superior performance of vacuum contactors is corn-
driven have found wide application in all kinds of RF appli- monly used in tie MF and RF bands to handle currents
cations where unusually low and stable resistance is essential. ranging from 20 to several hundred amperes. Typical

The use of a vacuum as a contact environment provides applications include band switching of transmitters, switch-
increased operating reliability and assures long contactor life. ing filter sections and antenna multicouplers, antenna
The absence of oxygen prevents corrosion and the formation reflector switching, tap changing of rf coilb used in
of oxides and organic materials which could increase contact induction and dielectric heating RF generators and switch.
resistance. Low contac:t resistance is maintained even when ing of transmission lines.
high current causes overheating or arcing accidentally occurs. Vacuum RF switches are available without an actuator

Tile lugh dielectric strength of a vacuum and its very fast for use in custom designed tap changing filter network

recovery after arcing is a feature which manifests itself in switching applications with a number of switches driven by
the small size of the vacuum contactor. Only a slight contact cams on a common shaft.
separation is required to withstand high voltages. The limited
contact movement results in a very small contactor size be-
cause it permits the use of a small, simple actuating mechanism.
This reduction in overall size makes available RF switchgear
with low inductance and low capacitance.

SPECIFICATIONS
RP233X4513006MOOlgrounded) 0

MODEL NO. R P233X4513C36MOO(insulated) RF2084319D31G00 RP233DI585 RF2081586
Operation Solenoid Motor Air Air

"T'st Voltage

Peak KV @ 60 Hz 40 40 40 40

Operate '/oltage
1

Peak KV @ 32 MHz 25 25 25 20
i..o,,iuous Current 1

toiuu urn 35 200 35 135
Arips (RMS) @ 32 MHz

Cl.,tact Resistance 0005 0004 .0005 0004
Max. Ohms 0005 004_005_00

Contact Capacitance 2 10 2
Pf

Contact InductanceNh 25 2 5 25 2.5

Contact Arrangement N/O bi stable N/O N/O

Open Time 17 Ms Open 7 Sec. Less Than Less Than
Close Time 75 Ms Close 200 Ms 200 Ms
Actuation 7 A Pull-rn
Actuation7 A Pull-in VC 11 A@ 115 VAC60Hz 40 t Spsig 35-! 5 psig09 A Hold at 100 VDC

3 Lbs.
Weight 3 Lbs 80z 5Lbs 60z 12 Oz 2 Lbs 12 Oz

Mechanical Life 1 x 105 I x 105 1 x 105 1 x 106

Auxilhary Contact RatingsFomC207orC23/NANA
Volt (Rms)/Current (Rms)

lVoitage and current rating vwill be greatly increased at lower frequencies

8--------- .. ~ J1



AIR-ACTUATED RF CONTACTORS

These units are the easiest to mount and are frequentlyQ Q• tused because of their insulated control lines.

AMAXX'

44 IRIAI. POLY FLOWd

TwUB ,grIwO. 1/4 IN7 1T" , ,0.0. TUN OR VA"IV. 721"

IftAL POLYEN OID-ATUATED FCNATR PMTTIRDR NIV NaI R IF I COTATO

-,'" .' Type R.P233X contactors are operated by a IOOVDC This contactor is supplied with a motor drive that provides
solenoid. Two units are available: one wath a contact =nooth, quiet, impact free operation. The drive has a
grounded to the case and the other with the case insulated over-running ball screw which allows it to run free after an
from the contacts by silicone glass insulation. The contacts open/close operation, thus eliminating the need for limit
ane capable of carrying 35 amps mis at 32 MHz continuous swritches. The motor produces a maximum of 5.5 inch-
with a hold off voltage of 25 kv peak. pounds of torque and draws 0. 1 amp at one inch~ounce of

GROUDED NSULTED torque. In the event of power failure, the switch may be
GROUDED NSULTED manually operated by turning the hex-shaped transitionT jf _. shaft.

31C $oO' gum

-,i'o i Li

114 MO. TUBE OR EQIAETCNCNRCWTI
010 JENNING

SLNI DAT TE IFCNATR OO RVNR OTCO
Typ RP3Xcnatr rI prtdb IOOD hscnatri upidwt oo rv htvoiesoeod w nt r vilbecnoihacnat smoh ueipc reoprto.Tediehsa

gruddt h cs n h terwt h aeinuae vrrnnn Asrwwic losi oru reatrafrm h cnacbyslioe lasinuato. h cnacs pn/lseoerton hu limntn h ne o ii
an~~~~ cpbeocarig3amsrsa32Mzcninuu wthL h oo rdue aiumo . nh

witha hld ff oltge f 2 kv eak pondsof orqe ad daws .1ampat ne nchoune 9



vacuum contactors (cont.)
AC Current Ratings (cont. from page 3)

Maximum steady state fault current depends upon circuit DC Switching of Power Supplies - Vacuum contactors are
impedance. In a primary bus fault the fault current is limited used for switching current limiting reactors and resistors,
only by source impedance which may be 2% to 5% depending switching DC power directly to tubes and modulator loads,
on the distance from the power source and the impedance of interrupting DC currents, and isolating dc loads from one
transformers and line in between. Pnmary bus faults can there- common power supply which feeds more than one load. They
fore be as high as 20 to 5, times rated KVA line current of are also used for DC transfer switching.
source. In switching DC inductive loads suppression networks are

In calculating maximum short circuit currents due to required across the inductances when breaking the circuit and
faults in or beyond the transformer secondaries a knowledge -nay be required when making the circuit to avoid possible
of transformer impedance is necessary since a transformer overvoltages. At high voltages a 1/8 to I mfd capacitor in
with 5% impedance will limit the maximum fault current to a series with I ohm per KV makes an effective suppression net-

* Ivalue of 20 times normal line current. Most transformers have work across an inductance. The suppression circuit should be
impedance of less than 5% although source impedance and critically damped.
other impedances in the equipment being protected may in- DC Load Switching - In DC load switching, current zeros
crease the total impedance to as high as 10%. do not exist as in AC circuits. Extremely rapid arc extinction in

Example - A typical 100 KVA three phase transformer in vacuum switches due to the high velocity radial diffusion of
a dc power supply with 12 kv secondaries and 440 volt pri- vaporized metal permits vacuum switches to interrupt DC
mares would have rated KVA line currents of 131 amps rms loads more effectively than other types of switchgear.
in the primaries and 5 amps nns in the secondaries. If total 1. Vacuum switches are rated up to 20 amps at 30 KV DC and 10
circuit impedance is 8% (5% in the power supply transformer amps at up to 50 KV DC switching resstuve loads without arc
and 3% in the source and line) the maximum primary fault suppression. (See Figure 2.)
current due to a short circuit in the high voltage secondaries VACUUM LWITCH

would be 1640 amps rms. If interruption occurred within two
cycles of fault initiation this value could be offset by a factor

Sas high as 1.2 times 1640 amps for a total fault current of
1970 amps nit. Of course most fault currents would be less Fig. 2 - No Arc Suppreaion
than this value since maximum offset doesn't always occur 2w ns at

4 and faults are often further on in the circuit where the impe- can interrupt stightly higher currents with less arcing thme which
dance of rectifiers and other circuit components help limit increases contact fife. (See Figure 3.)
the fault current to lower values. (Corresponding fault current
in the high voltage secondaries is only 96 amps which is why
the high voltage secondaries are often a desirable place for O E
fault protection where a large number of fault operations are
anticipated). Fig. 3- R-C Arc Suppresson MtUMKV; 0.125-1 MFD)

V S T I3. Vacuum switches using a charged capacitor suppression circuit
DC SWITCHING that causes tinging and creates artificial current zeros have been used

to interrupt up to 35 KV DC at 150 amps DC resistive toads. (See

Hfigh voltage vacuum contactors can help the circuit designer Figure 4.)
solve complex dc switching problems which axe difficult to c, OISCHARGES THROUGH ARC IN

VACUUM SWITCH CAUSING RINGING
handle. They caii be used to interrupt high voltage, capacitive, OR OSCILLATIONS
resistive or inductive loads without the damaging electrical FCCbreakdown so frequently displayed by conventional dc switches. E ci

D DC LOAD DC SOURCe-s - LOA~
Vacuum contactors are frequently used in charging capaci- R1 sI

tor banks, isolating charge banks, and safety grounding of NORMALPOSITON R- R INNORML PO|TONINTERRUPTING POSITION-

power supplies. They are also being used to discharge high Fil. 4a Fig. 4b
energy storage capacitors and for the generation of high cur-
rent pulses for plasma study, shock waves and metal forming. Fig 4. - charged Capacitor Suppression Circuit (Normai Position)

Fig. 4b - Charged Capacitor Suppression Circuit linterrupting Position)SDC Switching of Pulse Networks - Vacuum contactors are

rated in continuous DC amps. They are used in a broad range 4 Inductive loads can be switched like resistive loads when a diode

of high power radar systems where the peak current is con- used in paraliel to the toad. (See Figuse S.
siderably above dte continuous current rating of the switch, IND LOAD

i but where the effective current may be within the switch DIODE

rating. The effective current III a square wave pulse = the peak
current X ,/duty cycle. For exmnple, a typical radar square
wave pule of 2,000 amps peak withl a .01 duty cycle = Fig 5- Induetiv Load Switching

2,000 amps X J.01 = 200 DC anipl effective which is within We suggest that high current X, mnterupinsg appilvations he submitted
the continuous rating of most vacuum contacts. io Jennings appi~cation department for review and recommendations.

10
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(LITT JENNINGS WARRANTY POLICY

A. Warranty
SITT warrants. that at the time of shipment the products man- 2. ITT will not be liable for any special or consequential

ufactured by ITT and sold hereunder will be free from de- damages or for loss, damages or expense directly or in-
fects in material and workmanship and will conform to the directly arising from the use of the products or any in-
specifications furnished by or approved, in writing, by ITT. ability to use them either separately or in combination

B. Warranty Adjustment with any other equipment or material or from any other

1. If any defect within this warranty appears, Purchaser cause.
shall notify Seller immediately. 3. The warranty does not extend to any product manufac-
install, any product which, within one year from the accident, improper installation or to use in violation of

date of shipment by ITT, shall, upon test and examina- instructions furnished by ITT.
tion by ITT, prove defective within the above warranty.

3. No product will be accepted for return or replacement 4. The warranty does not extend to nor apply to any unit
without the written authorization of ITT. Upon such which has been repaired or altered at any place other
authorization and in accordance with instructions by than at an ITT factory by persons not expressly ap-
ITT, the product will be returned to ITT, shipping proved by ITT, nor to any unit, the serial number of
charges prepaid by Purchaser. which has been removed or defaced or changed.

"C. Exclusions from Warranty 5. 1 his warranty applies to new equipment only and will
1. The foregoing warranty is in lieu of and excludes all cover repaired or replacement items only to the extent

other expressed or implied warranties of merchantability of the one year from the date of shipment of the original
or fitness or otherwise, equipment noted above in paragraph B2.

ORDERING INFORMATION

Complete Model No. (Including Actuator)
Quantity:
Application: U In addition to their years of experience building
Operating Conditions: vacuum contactors ITT Jennings has acquired
Load:
Special Requirements: many exclusive processing techniques that assuresuperior performance They have a qualified, ex.

perienced engineering staff plus complete high
voltage laboratories for proper testing of vacuum

Unless otherwise specified on your order shipment will be contactors. If a new design or modification of a
made via most economical method. If a specific carrier is speci-
fied, shipment will be made at full valuation unless your order standard unit is necessary our quick-reaction labor
instructs differently. In case air shipment and full valuation are atory can turn it out in a minimum of time. a For
desired, pleise specify whether air express or air freight. Lack- immediate helpon your specific application fill out
ing specificdion full valuation will be used. and mail us the handy postage paid reply card, We
Norma!ly all prices and quotations are F.O.B. San Jose, Calif. welcome the opportunity to be of service. a
Terms are net 30 days.
Specifications sublect to change.

VACUUM CONTACTOR PATENTS

Vacuum Contactors made by ITT Jennings are manufactured
under one or more of the following issued patents Other pat-
ents are pending.
2740867 3014106 3148259O 2740869 3021407 3166658
2740868 3026394 3178541

2794885 3042766 3189715

2832872 2966569 3196236
2863026 2979587 311909911
2863027 2979588 3145278
2906841 2981813 3187140
2920169 2982836 3218409
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OTHER ITT JENNINGS PRODUCTS

Vacuum Relays
Vacuum Capacitors JENNINGS DIVISION,
Vacuum Coaxial Relays International Telephone and Telegraph Corporation

Vacuum Interrupters 970 McGas Capacitors 97 cLaughlin Avenue0
San Jose, California 95116

AC &DC Digital Kilovoltmeters Phone: (408) 292 4025
AC &DC Digital High Potential Testers TWX: 910-338.0159
Megohmmeters
Film Capacitors

I Ceramic Capacitors

U . JENNINGS Printed in U..A 6M 1173
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(2) Cable

StMfr.

Nam.e Response Description

Anaconda No
Cyprus Yes Letter dated September 8, 1976
General Cable No
GeGE Yes Letter dated October 8, 1976 - See Sec. (1)

ITT/Royal Yes Letter dated August 25, 1976

Kerite Co. No
Okonite Yes Letter dated September 10, 1976

Westinghouse No
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H.L. Rawlings, P.E.
Manager, Engin~tering Services
Western Regior

Cyprus Wire & Cable Company 230 South Fifth West Street

Salt Lake City, Utah 84101
Telephone 801)364-3452

September 8, 1976

Jaros, Baum & Bolles o SP10Consulting Engineers
1052 West 6th Street
Los Angeles, California 90017

Attention: Mr. Paul Katzaroff

Gentlemen:

Your letter of August 11, 1976 addressed to our Los Angeles office
has been referred here for answering. This letter concerns feasibility
study for a centralized 60/400 HZ generation and distribution system.
In your letter you ask 4 questions concerning the use of 5KV shielded
power cables. The answers are as follows:

1. In distribution of 3 phase, 400 HZ, 4160 volts AC no derating factor
is necessary for voltage. The cables are designed to withstand a given

voltage whether it is DC or AC and regardless of the frequency AC. A
derating factor is advised for current. We cannot give you any general
recommendation as each individual installation requires a separate cal-
culation based on the parameters involved. These calculations are quite
involved and require a rigorous mathematical solution. So far as we know
no simple approximations are available to make the solution easier. The
calculations are based on mathematical formulas derived by Nehr-McGrath
and take into consideration all pertinent factors of each individual
installation. The solution of the Nehr-McGrath calculations lead to
losses in each individual cable. Once these losses are known a suitable
derating factor can be determined. Also it is necessary to pay particular
attention to the voltage drop on these systems as it is much more severe
than on ordinary 60 cycle distribution systems. More often than not the
voltage drop on a given system will be the determining factor as to what
conductor size is used instead of the losses in the system itself. Here
again we cannot give you any simple methods for determining the voltage
drop. Each individual installation must be calculated for the conditions
present.

CYPRUS



Jaros, Baum & Bolles Page 2 September 8, 1976

2. This question asks what composition and trade name insulation of
wire is recommended for 400 HZ 3 phase, 4160 volts AC power distribution.
We would recommend the use of UL approved cable referred to in the 1975
National Electric Code as "MV-90, UL 1072 - Medium Voltage Solid-
Dielectric Cables Rated 5 to 35 KV." I am attaching sheets 1 and 2
showing the construction of single or multi-conductor shielded cable
with covering. These cables are satisfactory for use in conduit, direct
burial and overhead. This type construction can also be incorporated in
an aluminum interlocked armor cable. We would not recommend the use of
galvanized steel as the losses would be much too high. I am attaching
our data sheet #7160 giving additional information on this cable design
and our data sheet #7485 showing an interlocked armor construction.
Please note this sheet shows galvanized steel for which we would substi-
tute aluminum. We can wholeheartedly recommend these constructions as
being the most suitable available today. Based on our long years of
cable manufacturing experience it is our belief these cables will give
the best possible service for the conditions you have described.

3. You ask how much experience time we have had with each of the compo-
sitions and wire types recommended. Our experience with XLP cables goes
back to approximately 1950. We were one of the very first in the industry
and have a long history of millions of feet of this type construction in
use all over the country. Our experience with EPR insulations dates back
approximately 15 years. Here again we have a successful experience
record with millions of feet of this construction in use. We have kept

pace with the industry on both of these insulating materials and have as
much experience as anyone in their use and manufacture.

4. You ask if there are any special precautions to be followed in
terminations of 400 HZ power cable. All splices and terminations must be
made with considerable care and attcntion to fine detail. It is very
important to follow the manufacturers' instructions and make sure they
are carried out to the letter. An experienced electrician should be used
in all instances. If these simple precautions are followed there is no
reason why satisfactory splices and terminations cannot be made on either
400 HZ or 60 HZ. As our interest is primarily cables we are not in tna
best position to write a specification for you for terminations. Rather,
we suggest you contact someone such as Elastimold Division Amerace
Corporation, Electro Products Division 3M Company or Bishop Electric.
We have tested products from all three of these companies and find them
to be quite satisfactory for your use on this application.

We trust the above information will be helpful to you. If you have other
questions we would be happy to hear from youx any time. Thank you kindly
for your interest i our products.

Yours very truly,

HLR:ah H. L. Rawlings
Manager, Engineering Services

Enc. 4 Western Region

cc: F. K. Duerst,c KCyprus-L.A. CYPRUS
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MV-90, UL 1072
Medium Voltage Solid Dielectric Cables Rated 5 to 35 kV

1. Single-Conductor Shielded Cables:

a. Voltage Range: 5 to 35 kV

b. Cozductors: #8 AWG through 1000 MCO
Copper - Conventional concentric lay or compressed
stranded.
Aluminum - Conventional concentric lay or compact or
compressed stranded.

c. Strand Shielding: Semiconducting tape or extruded layer.

d. Insulation: XLP or EPf

e. Shielding: 1) Semiconducting tape or PolyKote system or extruded
layer.

2) Helical bare or tin copper tape or helically-applied
copper wires.

f. Separator over shielding: (Optional) If used plain or corrugated
mylar or asbestos-backed mylar.

g. Jacket: PVC, Hypalon or Neoprene



Mv-9o, UL 1072
Medium Voltage Solid-Dielectric Cables Rated 5 to 35 WV.

2. Multi-conductor Shielded Cable with covering:

a. Individual conductors sane as single-conductor shielded cables

described above (Item 1) except with or without the overall jacket.

b. Ground Wires (Optional)

c. Fillers: Required to make cable round, material optional, may be
separate or integral.

d. Assembly: Conductors cables with optional fillers and/or ground
wires.

*e. Binder: Optional

f. Covering: A jacket of PVC, Hypalon, Neoprene or an Interlocked
Aluminum or Steel Armor.

g. Jacket: (Optional) A jacket of PVC, Hypalon or Neoprene may 16a
N employed under and/or over the metallic armor.



Cyprus Wire & Cable CompanySPC76

Manufacturers of ROME Products
October 1, 1975
Supersedes Issue Dated March 1, 1975

ROME-XLP POWER CABLE, 5000 VOLTS
Single Conductor, Shielded, 100% and 133% Insulation Levels

APPLICATION:
A- Where N'Cjrsito a .ples an 0,~vl 1h'de~dpoe

cabl Typ RI. S.!iVC ninwe loation"s:. andv0 ggot shiede
power ca ble Ty -.9C in dry locations: when Installed InWtype il.94accordance itArtwien 310 and 710 of the National Electric Copper or Aluminum Conductor
Code. Semiconducting Tape
8 - Otherwise, for gineirel Purpose applications in wet or dry PVC Jacket Tape RonviiXILP Inuaiolocations, in circuits ncit exceeding 5000 volts, phaneotopfhase.ata
conductor temperature% not excee-dr'5 0 for normal. 1301C forI
emergeoncy overloand.. erI 50C for shorot'circuit conditions. Suit. Iable tor installato in c,nuit trays, troughs, ducts, aerial, and ~I~direct burial applications r lr
STANDARDSi
A -Listed by Underwriters Laboratories as 5000-volt su daide
Type RNW or RI4N per Stafndard 44.
0-Conforms to IPCEA Publ~cation Nio. S 66524 for "Cronsslinlied-
therw.::,ng~polyethylene.,isulstrd3 Wire and Cable for th Siein*
Tr..nsmission and Distributioil of E~lectrical Energy." Metallic Wire Siling Conduictor Shield

CONSTRUCTION~: Annealed copper or aluminum conductorykt
Conductor shield, Rome-XI.P I lermosetting chemically crosslintldPlrt
polyethylene insulation. PolyKole. semiconducting tape. 024AWO
metl~lic mire shielding. tape, black Polyvinyl chloride Jacket over.
all, surface printed.

SiNeITikeeisil Nominal N...., S CPFFR CONDUCTOR ALUMINUIIM CONDUCTOR
ARC Ove Itis If Diete Diter silicates LAw,.- Ameacite Aploo. Amawaciteor troi jj, ]Oe, ins he jstock latlfýWw

MC~itaneatie locat nch. Inces Iem Lb 11000 Ft. Duct1 0 Serial Lb, It0dOft. Dct 0ert

2001-5000 VOLTS, SHIELDED, 100% and 133% INSULATION LEVELS (GROUNDED AND UNGROUNDED NEUTRAL)

8 7 90 60 .34 .58 - 165 64 92 145 50 70
6 7 90 60 .38 .62 3 205 90 115 145 70 90
4 7 90 60 .43 .66 S 265 117 149 170 91 116
2 7 90 60 .49 .73 S 360 151 192 220 118 150
1 19 90 co .54 .77 - 475 17S 218 235 135 170

1110 19 90 60 .57 .81 S 510 198 249 285 154 194
2/0 19 90 80 .62 .89 5 645 225 ?i82 345 176 220

13/0 19 90 80 .67 .94 5 765 256 321 390 200 251
1/O 19 90 80 .73 1.00 5 915 292 365 465 229 285

250 37 90 80 .77 1.05 5 1050 320 399 515 251 313
350 37 90 81 .87 1.15 5 1395 386 477 630 304 376
500 37 90 80 1.01 1.28 5 1895 465 572 825 369 455
750 61 90 80a 1.19 1.45 - 2745 565 693 1105 457 561

1000 61 90 80 1.34 1.63 - 3510 639 780 1395 527 644

-Duct: Thres cables per duct. 90'C Conductor Temierature. 206C Ambient. 100% Load Factor. Rho a 90. Direct Burial: Three cables, close
!pecing. 90'C Conductor Tempetaatve. 201C Ambient. 100% Load Factor. R"i u 90. For other installation conditions, refer to the publication
"AIEC.IPCEA Power Cable Ampacities." AlEE Pub. No. 5-13S-1.

W~.16a c3pper metallic tape Shield available on reQuest.

Inferaion an this sheet subject te change witteult nebcs.

CYPRUS



Cyprus Wire & Cable Company
Manufacturers of ROME Products

7160 10-1-75

Specification

ROME-XLP POWER CABLE, 5000 VOLTS

Single Conductor, Shielded, 100% and 133% Insulation Levels

SCOPE-This specification describes single conductor Rome.XLP (thermosetting crosslinked
polyethylene) insulated, shielded power cables for use in circl-"s not exceeding 5000 volts
phase-to-phase at conductor temperatures of 901C continuous iormal operation, 130'C for
emergency overload conditions and 250"C for short-circuit conditions. Cables are intended
for general purpose applications in wet or dry locations, including conduit, duct, direct burial,
and ae iml instalittion.

STANDARDS -The following standards shall form a part of this specification - Underwriters
Laboratories Standard 44 and IPCEA Pub. No. S-66.524 for "Crosslinked-thermosetting,
polyethylene-insulated Wire and Cable for the Transmission and Distribution of Electrical
Energy."

CONDUCTORS--Class B stranded annealed, uncoated copper or EC grade aluminum per
Paragraphs 2.1 and 2.3 of IPCEA.

CONDI:k,TOR SHIELDING -The conductor shall be covered with a layer of semiconducting
tape c impletely covering the conductor and firmly bonded to the cable ;nsulation. The con-
dLctor shield shall meet the requirements of Paragraph 2.4 of IPCEA.
INSULATION-Directly over the conductor shielding shall be applied a homogeneous wadl
of Rome.XLP insulation. The average thickness of insulation shall be as specified in Table 3-1
of IPCEA. Minimum thickness at any point shall be not less than 90% of the specified thick.
ness. Physical and electrical properties of the insulation shall be in accordance with Para-
graph 3.7 of IPCEA.

SHIELDING - A thin uniform layer of Rome "PolyKote" (black conducting polymeric coating)
shall )-- applied directly over the insulation. A semiconducting non-metallic tape is wrapped
over the "PolyKote" to act as a conductive bedding between the "PolyKote" layer and the
metallic shielding. A special marker tape applied over the semiconducting tape shall identify
the tape and "Polykote" layers as conducting,
A serving of evenly spaced ; 24 AWG solid-tinned copper wires shall be applied concentrically
over the semiconduJcting tape. The metallic wire shielding shall meet the requirements of
Paragraph 4.1.1.3 of IPCEA.

SEPARATOR TAPE-A suitable separator tape shall be applied over the cable shielding
system.

JACKET-A polyvinyl chloride jacket shall be applied overall. This jacket shall meet the
requirements of Paragraph 4.3 1 of IPCEA. The average thickness of the jacket shall be as
specified in Table 4-6 of IPCEA. The minimum thickness at iny point shall be ilot less than
80% of that specified.

IDENTIFICATION--All cable shall have surface printed identification showing manufac-
turer's name, insulation type, size, UL symbol and 5000.volt shielded Iype RHW or RHH.
TESTS-Cable shal be tested in accordance with UL Standard 44 and IPCEA S-66-524.
Certified Test Reports may be furnished, if requested prior to production of cable.

CYPRUS



Cyprus Wire & Cable Company SPEC 7485

Manufacturers of ROME Products
January 2, 1976
Supersedes Issue Dated March 1, 1975

ROME INTERLOCKED ARMOR POWER CABLE, 5000 VOLTS
3 Conductor, Rome-XL-P Insulated, Shielded, Galvanized Steel Armor

Type MV-90 Cable (Also suitable for use as Type MC cable)

APPLICATION:
A-Whr NE uidcto ples: as armored Type MV-90 cable rad Ca Rm.L
for .ntaltin meial,"nlyorinmetal racki. tray, trough orcbe PVC Jacket ,a.ve Cable orv. Conducive
trays, for power circuits not exceeding 5000 votts in manufactur. (Oltoiat") Snterlced Inalaio Tape
ing and =rcSsing plants. substations and enerating stations. Armor - ~ i COvPWWhen instle per the NEC,. cab les meet th requ irementa of F rou din

-Otherwise, for general purpose applications where the pro-
,action of interlocked arnior is required. If-

STANDARD&~ Listed by Underwriters Laboratorie~s a to Typ MVO _ Q
cable Also suitable tor use as Ty;e MC caI sbsle C abl&Mesaocon. ll

Vor -oPE ubN.66524 for *'Crosslinked.Polyethyleroe.
Insulated Wire and Cable."

CONSTRUCTION- Three conductors of stranded uncoated copperor Alloy 1350 (EC) aluminum, conductive tape, Rome*XLP (croewrCp ope rAuiulinked polyethylene) :nsulation. Polyl~ote, conductive tape. un- Shipeldn cphaer Conductornu
coated copper shielding tape Three conductors twisted together Tape potytot PluseCnuts
with one uncoated copper grounding conductor in each valley, Cae onduct*v TPeu
suitable fillers. binder lace, galvanized steel interlocked armor.CodcieTp

A When required. a PVC jacket is applied overall.

Size N fs. Na im Opt.ional Nom Diam COPPER PHASE CONDUCTORS AUMI4IUM PHASE CONDUCTORS
AWG Na. That. OvrHrornDi PVC AtI Over opt., ope Approi Copper Appres
er Stofd Mhile Inerisr Thic PVC Jk1 ýOrunpd@Fit NetwtWI' Grdira le int -WI pile

UCH ted Ml ni Mitli Inches Conductors Ul 10 Apacityollp n d~f U, / 1 isp000
AWG Ft. AWO Ft

8 7 90 1.02 50 1.13 14 835 52 14 725 41
6 7 90 1.10 50 1.21 12 1015 69 12 840 53
4 7 90 1.21 50 1.31 10 1280 91 12 970 71

2 7 90 1.34 50 1.45 10 1630 125 10 1190 96

1 19 90 1.43 s0 1.53 10 1870 140 10 1315 110

1)0 19 90 1.52 60 1.64 7 2280 165 10 1485 130
2/0 19 90 1.62 60 1.75 7 2640 190 10 1660 150
3)0 19 90 1.77 60 1.90 7 3205 220 7 2090 170
4)0 19 90 1.90 60 2.03 7 3755 255 7 2350 200

250 37 90 2.00 60 2.13 7 4220 280 7 2560 220
350 37 90 2.23 60 2.36 5 5640 350 7 3205 275
500 37 90 2.52 75 2.68 5 7440 425 5 4120 340
750 61 90 2.91 75 308 4 10245 525 5 5185 430

-AMPACITY in accordance with Tables 310-42. 310-480of the National Electrical Code, 90'C conductor temperature. 40'C amnbient.

Notes I Phase identification is provided by a longitudinal narrow colored tape between the conductive insulation shield and the copper
shielding tape

2 Aluminum alloy or bronze interlocked armor available Aon request. Cabies with aluminum alloy armior are UL listed.
3,. These cables also available with Rom*,EPA insulation.
4 . Net weights based upon jacketed constructions.

Information on this sheet subject to change without netllee.
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Cyprus Wire & Cable Company
Manufacturers of ROME Products

7485 1-2-76

Specification

Rome Interlocked Armor Power Cable, 5000 Volts

3 Conductor, Rome-XLP Insulated, Shielded, Galvanized Steel Armor
Type MV-90 Cable (Also suitable for use as Type MC cable)

SCOPE--This specification describes three conductor Rome-XLP (thermosetting crosslinked
polyethylene) insulated, shielded, galvanized steel interlocked armor Type MV-90 power cable
for use in circuits not exceeding 5000 volts phase to phase at conductor temperatures of 90"C
for continuous normal operation, 130-C for emergency overload conditions and 250*C for
short circuit conditions. Cables are intended for general purpose applications In aerial, open
tray or rack installations, in wet or dry locations.

STANDARDS--The following standards shal form a part of this specification-- UL Standard
1072 for Type MV.90 cable and IPCEA Pub. No. S-66-524 for "Crosslinked-thermosetting.
polyethylene-insulated Wire.and Cable."

CONDUCTORS -Class B stranded annealed uncoated copper or Alloy 1350 (EC) aluminum
per Paragraphs 2.1 and 2.3 of IPCEA.

CONDUCTOR SHIELD - The conductor shall be covered with a layer of conductive tape corn-
pletely covering the conductor firmly bonded to the cable insulation. The conductor shield
shall meet the requirements of Paragraph 2.4 of IPCEA.

INSULATION--Directly over the conductor shield shall be applied a homogeneous wall of
Rome-XLP insulation. The average thickness of insulation shall be as specified in Table 3-1
of IPCEA. Minimum thickness at any point shall be not less than 90% of the specified thick.
ness. Physical and electrical properties of the insulation shall be in accordance with Para-
graph 3.7 of IPCEA.
SHIELDING--A thin layer of Rome PolyKote (black conductive polymeric coating) shall be
applied directly over the insulation A conductive non-metallic tape is wrapped ovet the
PolyKote to act as a conductive bedding between the PolyKote layer and the metallic shield.
ing. A special marker tape applied over the conductive tape shall identify the tape and
PolyKote layers as conducting

An uncoated copper tape shall be helically applied over the conductive tape with a mini.
mum iap of 10%. The copper tape shall meet the requirements of Paragraph 4.1.1.1 of IPCEA.
PHASE IDENTIFICATION--A colored tape shall be applied longitudinally under the copper
shielding tape to provide phase identification.
ASSEMBLY-Three phase conductors shall be cabled together with a Class B stranded,
uncoated copper grounding conductor in each valley and suitable filters to make round.Length of lay shall not exceed 35 times the phase conductor diameter. Total circular mil area
of the grounding conductors shall be not less than the copper conductor size listed in Table
250-95 of the National Electrical Code.

CABLE TAPE -A suitable cable tape shall be applied over the assembly to hold the core
together and provide bedding for the armor.
IDENTIFICATION--A marker tape shall be applied longitudinally under the armor providing
cable and manufacturer identification.
ARMOR- A galvanized steel interlocked armor shall be applied over the cable core. Armorshall be in accordance with UL Standard 1072 and Paragraph 4.4.7 of IPCEA.

OPTIONAL COVERING--When required, an extruded covering of PVC shall be applied over
the armor The average thickness shall be as specified in Table 4.24 of IPCEA. Minimum
thickness at any point shall be not less than 80% of the specified thickness Properties of
the PVC covering shall be in accordance with Paragraph 4.4.16 of IPCEA

TESTS -Cables shall be tested or, accordance with UL requirements for Type MV.90 cable
and IPCEA S-66-524. Certified Test Reports may be furnished, if requested prior to production
of tt-e cable.

LABEL-Cables shall bear the Underwriters Laboratories label for Type MV.90 cable.

CYPRUS



S.uuIAu ITT Royal Electric Division

Pawtucket, Rhode Island 02862
Tel. (401) 722-8600

:•/,4 TELEX: 927733
August 25, 1976 Cable Address: ITTWCD, Pawtucket, R. I.

Jaros, Baum & Bolles Consulting Engineers
1052 West 6th Street
Los Angeles, California 90017

Att: Mr. Paul Katzaroff

Subject: 400 Hertz Distribution System

Gentlemen:

I want to thank you for your inquiry of August 11 . I am
pleased to forward you our recommendation on the cable and cable
construction we think should be used.

We believe you should use the 5 KV shielded cable, copper
conductor, per IPCEA Standards S-68-516. I believe the cable should
be three conductor or three single conductors triplexed. This will give
you maximum personnel protection and minimum power losses.

Using ITT Royal Specially Compounded Ethylene Propylene
Rubber Insulation there is no derating for either current or voltage on
copper conductor sizes up to and including #2 AWG.

We suggest that when installiny Lne cable in conduit or
using Interlocked Armor that Aluminum metal be used. The use of non-
magnetic metal will minimize the heating effect due to the increased
frequency.

ITT Royal has been producing and marketing this type of
cable for over seven years. With the special compounding of the in-
sulation we have an extremely good record.

As for the termination of the 400 Hertz cable, the same type
that are available for 60 Hertz are acceptable. You should use an
aluminum body pothead, if potheads are used. Also any clamps that
are to be used should be of non-magnetic material.

Wirer s Cords * Cables o Cold Sets 0 Power Svpply Cords
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Jaros, Baum & Bolles
Consulting Engineers - 2 - August 2S, 1976

Again we want to thank you for your inquiry. We are pleased
to forward you our recommendations and suggestions. If you have any
additional questions, please do not hesitate to contact me.

Very truly yours,

REA:cJ R. E. Anderson
cc: R. S. Ochsner Regional Sales and

I. R. Maher Marketing Manager
J. H. Grubbs(L.A.)

IA
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. THE 501 Forbes Boulevard. Suite 201
"KDNI TE South San Francisco. California 940F0

COMPANY 415-858o

September 10, 1976

N SEP1976

Jaros, Baum and Bolles , JAROS, BAUM & BOu ...

1052 West 6th Street cn RECEIVED

Los Angeles, California 90017

Attention: Mr. Paul Katzardff

Subject: Feasibility Study - Centralized 60/400 HZ
Generation and Distribution System

Gentlemen:

This is written in response to your letter dated August 11,
S( 1976 and the attached questionnaire:

1. (a) No derating is required for operating voltage.
Although the heat loss in the dielectric varies
"with the square of the voltage the magnitude
of such loss at 4160 volts is negligible for
both 60 hZ and 400 hZ, and no significant
acceleration in heat aging will occur.

- -However, it should be noted that the self and
mutual reactance of the cables will vary directly
with frequency, and cables installed in magnetic
conduit or contained in galvanized steel inter-
locked armor will be significantly higher than
for directly buried cables or those installed in
a self-supporting aerial configuration.

The series impedance of the cables at 400 hZ
will also be increased by increases in the
resistance term due to skin and proximity
effect. Like reactance, skin and proximity
effects will be increased by containment in
a magnetic conduit or armor.

(b) Substantial current derating is required at 400 hZ
due to the increase in effective AC resistance.
You will find enclosed a copy of Okonite Engineering
Bulletin 721.1, and your attention is called to
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page 4 and 5 of the Bulletin. Table 1-6 shows
derating factors for 600 volt cable due to increase
in AC resistance at both 400 hZ and 800 hZ. As
you will note this data does not take into account
heat losses due to circulating currents in the
short circuited shields of higher voltage cables,
nor in the eddy current and magnetic effects of
surrounding or adjacent metal. Table I - 7 on
page 5 gives curves from which appropriate data
is available for use with the equations shown
at the bottom of page 4. But agaiL these curves
do not take into account the influence of surrounding
or adjacent metals.

As the enclosed data indicates the derating factor
will vary with conductor size, cable type and the
installed configuration. Calculations are required
for each size and category of cable to accurately
determine the 400 hZ ampacity.

As indicated in (a) above, dielectric loss is
negligible and does not contribute to ampacity

S( derating at 400 hZ, 5 kV.

2. We recommend an ethylene propylene insulating
compound for the various categories, since it has,
in our view, the best balance of properties
including resistance to heat aging, and resistance
to corona discharge, and resistance to treeing.
The trade name is Okoguard.

3. The Okonite Company introduced ethylene propylene
compounds commercially in the last quarter of
1963, and has supplied hundreds of thousands of
feet since then in the various categories enumerated

3f in 2.

-"4. No special precautions are required in the cable
terminations themselves. However, care must be
exercised in locating terminations to avoid local
heating of the cable due to proximity of magnetic
structures, where ampacities have been based on
the absence of such structures or enclosures.

The rather standard specification provision that splices and
terminations shall be made in accordance with manufacturers
prior written approval appears to be both simple and effective.
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* I

The opportunity to respond to your questionnaire is very much
appreciated. If you have additional questions, please let

N me hear from you at your convenience.

Very truly yours,

THE OKONITE COMPANY

T. A. Kommers
Regional Electrical Engineer

TAK:pa

(

ii "



(3) Motor Generators

l'4

Mfr.-.
Name Response Description

Bogue No
Electric Machinery Mfg, Co. Yes Irrelevant - submitted Bull. 200

LY SYN 51A and AIEE Conference
Paper No. 61-607 which are very
general, Promised follow up, but,
did not do so in spite several

4 -telephone contacts.

GE Yes Letter dated October 5, 1976
Kato No
Teledyne Inet Yes; Letter dated November 11, 1976

Letter dated November 22, 1976 - covers
60/400 Hz motor generators at 480V and
4160V. Also covers an unsolicited
proposal for a completely solid state
4160V frequency conversion system.

Westlnqhouse .. Yes Letter dated September 12, 1976 -
Irrelevant - concerns 75 KVA 60/400 Hz
motor oenerators for computer
applications.

- - -

-4.
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.2 JAOS BAU
SJaros, Baum and Bolles•/I\- R -- • ef. 26326-6

1052 West 6th Steet Ref. 26326-

Room 636 
690 I

SLos Angeles, California 90017

Attention: Mr. Paul Katzaroff

Gentlemen:

Subject: 400 Hz High Voltage Distribution

Thank you for the opportunity to work with you on your requirement for 400 Hz High Volt-
age Distribution System. We ,-ve reviewed your requirement and offer the following for
your preliminary planning purposes.

Plan A. Vertical Brushless Synchronous Motor-Generator Sets for indoor use capable

of paralleling with like units under all load conditions within unit rating.

Input: 480 volts, 3-phase, 60 Hz

Output: 575 volts to step up transformer
4160 volts, 3-phase, 400 Hz,
"312 KVA, 250 KW

The Motor-Generator Set will be complete with all instruments, controls,
starter and output breaker. Includes motorized stator shifting assembly for

paralleling and deparalleling with all synchronizing lights and load shar-
ing circuitry.

Planning Price, Qty. 4 (1 redundant) $ 45,000. each

Plan B. Vertical Brushless Synchronous Motor-Generator Set rated 312 KVA. Some
as Plan "A" except the input will be 4160 volts, 3-phase, 60 Hz. Both
the motor and generator will be designed for direct 4160 volts, 60 Hz, 3-
phase input and 400 Hz, 3-phase output without use of step up transformer.
Includes high voltage input and output switchgear.

Planning Price, Qty. 4 (1 redundant) $ 85,000. each
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Each of the above motor-generator systems may be expanded by the addition of like
units. Six copies each of Bulletin 2100-A and 473 are enclosed. Also efficiency
curves for Plans "A" and "B" along with photographs of a typical 4-unit 400 Hz poral-
lelable system.

Plan C. Completely Solid-State Power System operating directly from a 4160 VAC,
3-phase, 60 Hz power source and delivering 4160 volts, 3-phase, 400 Hz.
The system consists of four identical units each rated 312 KVA, 250 KW

1.. operating in parallel to furnish 936 KVA, 750 KW, 400 Hz power with one
unit redundant. The system will be expandable with the addition of iden-
tical units.

For your planning purposes, pricing on the solid-state system is as follows:

1. Four Power Converters 60/400 Hz, 312 KVA, 250 KW.

Price: $ 64,000. each

2. Four Switchgear Assemblies 4160 VAC, 60 Hz input and 4160
VAC, 400 Hz output.

Price: $ 6,000. each

Enclosed are six copies of a Technical Proposal dated 19 November that describes the
solid-state system offered above.

:n addition one control console for control and metering of the entire system for either
rotary or solid-state could be furnished at a unit price of $10,000.

On any initial orders the nonrecurring costs for the 4160/4160 rotary and solid-state
system approximately $50,000 would be amortized.

The above pricing is for your planning purposes only. If you have any questions or re-
quire additional data, please do not hesitate to contact us.

Yours very truly,

TELEDYf IYNET

c .Begue in
Assistant Product anager

MFB/crk Power Conversion Equipment
Enclosures
cc: H. Bauer, R. Lee, J. Vallely

Al
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-. ~~Teledyne Inet's vertical, brushless, single-exciter m . %* ''.
Motor Generator Frequency Converters provide
precise 400 Hz power for computer support and L ,

related data communications equipment. They are , -'. ,
specifically designed to interface with IBM
370/165-168, 360/85-195 and similar computer
models. Teledyne Ines Frequency Converters offer.
the lowest operating cost, highest efficiency and' .;,.
greatest reliability available in 400 Hz power support and
conversion units (MTm F 50,000 hours). The units are , ' . ..

easily paralleled for redundancy and Increased load ..
requirements. Ratings up to 300 KVA available with , • .... •
automatic paralleling. Unit options are available for - .
your specific application.. ,.,. .

VERTICAL SINGLE SHAFT
TWO BEARING MOTOR GENERATOR

ELECTRICAL SPECIFICATIONS

Input

Voltage 440. 460, 480 VAC (208 or Short Circuit 300% of rated current
240 optional), 3-phase, Voltage Transient * 5% max. from preset
3 or 4 wire value with sudden loss or

Frequency 60 Hz application of Va rated load at
Power Factor 0.9 to 1.0 from 'A load to 0.9 p.f.

full load Voltage Recovery Within 0 2 seconds upon
Starting Current Limited to 400% of rated sudden loss or application of

full load current rated load
Output Phase Voltage Balance V/ % max. line-to-line and

line-to-neutral with balanced

Rating 75 KVA, 67.5 KW rated load
Voltage 1201208, 3-phase, 3 or 4 Harmonic Content 1 5% RMS max. line-to-line,

wire line-to-neutral
Elficiency 80% Frequency Regulation ± 0% with * 0% input
Frequency 400 Hz frequency variation
Power Factor 0.9 Voltage and Frequency 0.25% max.
Voltage Adjustment ± 10% minimum Modulation
Voltage Regulation ± 14 % no load to full load
Overload Capacity 110% of rated load,

continuous; 120% of rated
load for 1A hour

711 West Knox Street * Gardena, California 90248 * Telephone, (213) 327-0913 * Telex. 67-7228

LA



Side VI"~
INTEGRAL MOTOR-GENERATOR CONTROL

AND CONTROL CABINET CABINET INPUT

AWýAIR IN .4 POWER
?00D - 1 n.

8585

+ AIR OUT 691n 0 1 38 In.
44 (175 cm) I(91 cmn)

-GENERATOR

431 AIR IN

FLOOR PLAN
OUTPUT54"'" 36-1/8" POWER(138 cm) (92 cm)

CONVENTIONAL FRONT VIEW

SIDE VIEW INPUT
ALMAIRIN 'POWER

AUTOMATIC 50.o.In
MIOTOR/STATOR 8555 ~-13Ocm)---1

69 In.
(175 cm) 3 n

GENERATOR
AIR IN

FLOOR PLAN
OUTPUT57% n 3-/ In. POWER

PARALLELABLE (146cem) (2m

( SICAL SPECIFICATIONS ENVIRONMENTAL SPECIFICATIONSC
Ilmensions; Conventional Operating Temperature Range

36-1 /8"W x 69"H x 54-1 /2"D Recommended 20*C to 300C
(92 cm x 175 cm x 138 cm) Maximum -20'C to 520C
Parallelable -Nonoperating temperature Range 0'C to 70*C
36-1/8"W x 69"H x 57-1 /2"D Relative Humidity 0 to 95 percent A
(92 cm x 175 cm x 1465cm) Altitude 0Oto 5000 ft. (0 to 1524 m)

Weight Conventional
3,850 lbs. (1.800 kg) OTOSADSRIE
Parallelable OTOSADSRIE
4,000 lbs. (1,878 kg) * Utility start, UPS run

Ventilation -- Self -ventilating e Central system buss Isolation available
Cable Entry Top and bottom a Noise suppression kits
Acoustic Noise 86dcb at 12 ft. (3.65 m) * UL approved

*Turnkey contracts
e Leasing arrangements

STANDARD FEATURES e Maintenance agreements
e Installation suporviSion

e Output voltmeter and ammeter * Site testing --- -

* System fault protection and alarmsiniiululenstdtlsoabv
* POCU wiring 50 VDC (Refer toiniiulBlensfrdtlsoabv
o Elapsed time meter Options and Services)
e Reduced current starting
* Automatic NL/FL paralleling by motor/stator shilling

Note: Induction molto-driven MG with 500 ms ride-through available
(See Bulletin 1001)

( All specifications subject to verification for each order.

TELEW(RE INET
711 West Knox Street *Gardena, California 90248 *Telephone: (213) 327-0913 eTelex* 67-7228

Bulletin 1000/6-76



VERTICAL.S-YNCHRONOUS.BRUSHLESS-SINGLCE EXCITE
SINGLE SHAFT.2 BEARING MOTOR GENERATORS

TELE DY N E IN ET No slip rings or brushes - eliminates maintenance from
brush and slip ring wear - reduces radio frequency
interference (RFI) noise - safe for operation in

2100 and 4300 S E Vertical design eliminates shaft deflection from gravity
inherent in horizontal machines. reducing vibration400 Hz VERTICA L and noise, increasing bearing life.400 Hz V~ERTIC AL * Eliminating shaft deflection maintains a uni;orm air gap
- modulation of output voltage is nearly eliminated.
Magnetic forces nf the rotor produce a lifting action
which reduces load on the lower thrust bearing whichruns in an oil reservoir - top bearing is nearly

without load - greatly increasing bearing life.

* Overload capability: 10% continuously, 25% for
., I'_30 minutes.

L * Requires less floor space than horizontal configuration.

in. ., * uiet efficient blower assures ample cooling under" ---'w--•high ambient temperatures.

" ' * High reliability - individual units have logged 50,000-
100.000 hours of continuous operation.

'i s' Minimum maintenance - inspection recom-nended twice
"r .,- each year.

, Vertical design permits two or more sets to opl•.tl
S.in parallel by servo drive rotation of motor with ,'spect

,- ., .to the generator on a bearing surface to obtain
4 .... i*phase shifting. System power capacity can be irk eased

as demand increises. Higher power distribution
,, -.•: • , reliability Lan be obtained with redundancy.

. "* Solid non.deforming cast frames.

. * Inherent low radio frequency interference (R FI) hcie1.

*Voltage transient limits of less than 20% with application
or removal of full load are available.

",. "SOLID STATE VOLTAGE REGULATOR/PROTECTIvE MODULE
' Regulator module simultaneously control, ooth Motor

"Field and Generator Field keepirg pow',x factor on input
AC Power near unity - this minimizes input current
requirements with all load variationi.

' . •.• .. * Printed circuit modules for OV/UV, UF %nd Regulationi,,...,o' •• " . :•.•-=" " " - . are field replaceable at minimal expense.

• A M.ximum harmonic content of 0.5% total RMS line tor "line or line to neutral is available on some sizes.

Insensitive to temperature variations over the rang%
." • - of OF to 3V°F.

"" Adjuits over & 10% range of nominal voltage.
. Fast regulation - 0.2 seconds recovery switching no

load to full load - 0.1 seconds available

* All silicon vilitary quality semi conductors.

PRECISE GROUND POWER EQUIPMENT CUSTOMERS INCLUDE:
AND COMPLE"E SYSTEMS FOR. AIRCRAFT MANUFACTURERS - Boeing: Gerv, al Dynamics;

Grumrman; Lockheed; McDonnell.Douglas; North American RockwelL•
* all jet aircraft Northrup.

a hangar and flight line maintenance facilities AIRLINES - Air Canada: Air India: Air Vietnam; Alaska; Braniff;
China, Continental, Eastern. El AI. Ethiopian. Finnair; Frontier;

* aircraft manufacturers Icelandic; Northwest Orient, Olympic, Pacific Southwest;Pakisun
* computer power International; Saudi Aiabian, Texas Internationail. Trans World

Airlines, Oantes. United Air Lines; Wien Consolidated; World
* aerospace indlubries. and laboratories Airways.
* all branches of military services AEROSPACE INDUSTRIES - Aerojet General. Burroughs: General
* other government agencies Electric. Hughes Aircralt. Ling Temco-Vought. Litton Systems;

Philco.Ford. Raytheon, RCA. Sylvania, Texas Instrument; TRW;
Westinghouse Electric.
US GOVERNMENT .- Aomic Ernergy Commission; Federal

-HIGHEST QUALITY POWER - HIGHEST Aviation Agency, General Services Administration. Jet Propulsion
RELIABILITY- LOWEST LIFE CYCLE COST Labr stories, National Aeronautics and Space Administration; US Air

Force, US Army, US Coast Guard. US Marine Corps. US Navy.

A 'TELEDYNE I ' ETK .• PIONEERS IN PRECISE POWER .

PMý PO!



( STANDARn PERFORMANCE SPECIFICATIONS POSSIBLE PROBLEMS OP 400 Hz
POWER DISTRIBUTION INCLUDE:

RATINGS VOLTAGE TRANSIENT LIMITS 1. High voltage drops limit the length of
Phase- 40to500KW distrihution lines.

P -0 to 625 KW Less than 20% with application 2. Line losses require corrc.ion to deliver
5 to 625 KVA or removal of full load - down acceptable power.

INPUT VOLTAGE to 5% available. 3. Serving multiple load points from a single
generator demands special controls,3 Phase 230. 460, 230/460 volts, 4. Unbalanced phase loading requires

60 Hz VOLTAGE MODULA TION compensation,
3 Phase 220, 380, 220/380 volts, Less than I% at balanced load. TELEDYNE INET HAS THIE ANSWERS

50 HZ Through development of integrated 400 Hz
Special - Per curtomer needs PHASE BALANCE (UnbalancedJ Power Systems that GUARANTEE precise

4% maximum voltage deviation quality power from a single generator
source for up to 6 load positions and up to

OPERATING SPEED from the average with 1/3 rated 1200 feet from source using standard
1200 RPM with 60 Hz input t..rrent on one phase and no distribution lines. This is possible only

1500 RPM with 50 Hz Input load on other two - To 2% with accessories exclusively designed and
deviation available. built by Teledyne Inst.

OUTPUT VOLTAGE . TELEDYNE INET OFFERS
3 P - 1. Wide choice of options - alreadyPhase 115/200 volts HARMONIC CONTENT engineered conservative designs -
Single Phase - 120 volts 3 Phase units - 1I%% total RMS optimized by computer.
Special - Per customer needs - to 0.5% rconsult factory] 2. Total system design engineering.

3. All major components built "in house"
(Line to line, line to neutral) insuring total system responsibility.

VOLTAGE REGULA TION Single Phase unit -2% total RMS 4. Field installation or rupervision support
+A: % of iated voltige, no load as required.

to full load; X ' % available. FREQUENCY REGULATION 5. Spares/ervice consultation - 24
hours/day.400 Hz ±0Hz with +0 Hz input TELEDYNE INET ACCESSORIES

VOLTAGE RECOVERY TIME irequency variation FOR 400 Hz SYSTEMS •
0.2 seconds to full recovery after LINE DROP COMPENSATOR

switching 100% load - 0.1 FREOUENCY MODULATION Automatically compensates for reactive'
seconds recovery available. Leso than 1% of 400 Hz voltage drops up to 20% in lines connecting

the generator and load. Voltage at thT
Ioadpoint is regulated to :3% for all

9.., iA~r .. conditions within the motor generator
C .,.. , rating.

SB-- / * Provides acceptable voltage regulation
1, v M at aircraft skin or load point when

4- O unbalanced phase loading occurs.
A %f Speed of response of system it

IIi maintained at aircraft skin or load point
e -identical to that at generator.

Convection cooled - small - lightweight
. Sol.d.state design - MTBF over 100,000

hours - efficiency over 99%,
_ J * Exclusive from Teledyne Inet

::-_I V,- -LINE VOLTAGE REGULATOR
1 * Differs from line drop compensator inS" i-WONG y AI 0,,,pn lovs that it provides actual regulation ait the

mw&Co 011%.w 61 6 ;, . load independent of input voltage.
1 *BO-w 111 * % 6 W 1 ' W 40% . will reduce or boost voltage up to 10%
.MV.•w mi, a - - 4' - - of applied input per phase.

________________________________________________________ * Convection cooled - small - lightweight.
Model KW KVA Motor 60 He Full Load A-rpl uni - Solid.state design - MTBF over s,000

No Feting a aPF HP a 4WV @ 230V Weight hours - efficiency over 98%.
2o040 40 50 65 70 140 3650 * Exclusive from Teledyne Inet.
21050 50 62.5 85 9D 10 3770 STEP DOWN TRANSFORMER
21060 60 75 100 104 206 3950 * Installation cost of distribution lines
21075 75 93.75 420 lit 236 4250 can be reduced by generating 400 Ht
2110D 12 125 150 4 308 "M power at up to 600 volts and employing
21125 125 156 125 t -- 4-50 a step down transformer to 120/206
21150 ISO 187.5 225 226 - 5800 volts at individual load points.21175 175 2t9 260 260 ... 6200

21200 200 250 300 300 - 6700 ELECTRO.MAGNETIC INTERFERENCE
21250 250 312 375 374 - 7100 FILTER
21400 400 500 600 598 - 9120 * MIL-STD 461A for Class 1118 equipmnil
21500 500 625 750 746 - 9920 can be complied with through

incorporation of Teledyne Inet RFI
r .. omnplele specifcations including optional fealures. request. filters in motor generators, controls

Bulletin 2100 lot 60 Hz input Bulletin 4300 for £0 Hz input. and accessories, (

.:¶"-'TELEDYNE lET
711 WEST KNOX STREET GARDENA. CALIFORNIA 90248 TELEPHONE 12131327.0913 TELEXNO.67.7228

BULLETIN 473 LITHO IN USA.



* TELEDYNE INET Bulletin 2100-A

STANDARD SPECIFICATIONS

I BRUSHLESS 60/400 CPS SYNCHRONOUS MOTOR-GENERATOR SETS

1.0 SCOPE

This specification describes performance, configuration, construction and
reliability parameters for synchronous motor-generators, with controls and
accessories, for converting 3-phase electrical power to precisely regulated
400 cps power.

The power conversion system is completely self-contained requiring onlyIf? connections to the input power source and the load circuit to perform all
"functions described herein. If the controls are to be installed remote from

* •the motor-generator, interconnections between the locations will also be
required.

The type of enclosure for the motoi-oenerator and controls will be as selected
from the Construction and Enclosure listing zt the end of this specification.'

2.0 OUTPUT RATINGS

Three-Phase Models 5 to 500 KW, 6.25 to 625 KVA
0.8 power factor.

Single-Phase Models 3 to 125 KW, 3.75 to 156 KVA

0.8 power factor.

Refer to the section titled "Model Numbers" at the end of this specification
for individual ratings and models.

3.0 RELIABILCITY

-.. -- A degree of reliability is specified which assures that operating and mainte-

nance costs will be held to a minimum. However, this is accomplished with-
out imposing unusual design requirements and unreasonable initial cost.

3.1 STATISTICAL RELIABILITY The motor-generator and voltage regulator
have a Mean Time Before Failure of at least 15,000 hours under contin-

uous rated load operation.
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3.2 MAINTENANCE No servicing or maintenance will be required at
less than 9000-hour intervals. However, in installations where moisture,

vapors, dust and other particles may impinge upon windings and other electri-
cal components, periodic cleaning such as with clean compressed air may be
required depending upon the specific environmental conditions.

3.3 FAIL-SAFE DESIGN The system is self-protecting from malfunctions,
and provides isolation of component failures so as to minimize the possi-

bility of consequent damage to other sections of the system and the load.

4.0 CONSTRUCTION

The system consists of a motor, generator, exciter and voltage regulator; stan-
dard controls, protective devices, and instrumentation; and optional accessories
as may be specified.

4.1 ROTATING EQUIPMENT The motor, generator and exciter are comi-
bined on a common shaft, two-6earing, self-ventilating, 1200 RPM,and the completed shaft assembly is statically and dynamically balanced. (

The windings ore impervious to oil, solvents, moisture, mild acids and alkalies,
and receive a minimum of two impregnation and baking cycles.

4.1.1 Motor Generator The motor and generator are synchronous,
brushless, rotating field type, with Class F insulation, and in
conformance with NEMA Standard MG-I.

4.1.2 Exciter The exciter is a brushless rotating AC type, with the
output rectified by a shaft-mounted three-phase silicon rectifier
assembly to provide excitation for both the motor and generator.
Separate exciters for the motor and generator may be required
for special applications and ratings above 200 KW.

The exciter-voltage regulator effectively isolates the generator
output from transients in the input AC supply.

4.2 VOLTAGE REGULATOR The voltage regulator is completely solid state
with no electronic tubes or vibrating contacts, and is fully stabilized

against long-term drift and ambient temperature variations.

"2-



TELEDYNE INET Bulletin 2100-A

4.3 CONTROL CABINET Unless specified otherwise by the user, all
controls, indicating lights, protective devices and instruments are

mounted in the control cabinet.

4.4 WIRING All wiring has ample service loops and is protected from
abrasion. Wiring and wiring harnesses are secured at least every six

inches. All terminals are identified in accordance with the wiring diagram.

5.0 ELECTRICAL CHARACTERISTICS

5.1 INPUT POWER

Voltage Input 460 volts t 10%, 3-phase, 60 cps
(For other voltage ratings refer to the sec-
tion at the end of this specification titled,
"Optional Features Available").

Motor Power Factor

Single Exciter Models Approximately 1.0 at rated load and voltage,
and between unity an•d 0.9 from one-half

-- load to full load.

Dual Exciter Models Motor power factor is adjustable for any load
(Special applications by the "Motor Field Adjustment" provided on
and ratings above the contiol panel This controls the field of
200 KW) the exciter which provides excitation to the

motor.

5.2 EFFICIENCY When operated at rated frequency and voltage, the mini-
mum unit efficiencies are:

7.5 - 15 KW 65%
20 - 30 70
40 - 75 75

100 - 150 80
Above 150 85

5.3 OUTPUT RATINGS

Three-Phase Models 5 to 500 KW, 6.25 to 625 KVA
0.8 power factor.

-3-
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Single. Phase Models 3 to 125 KW, 3.75 to 156 KVA
0.8 power factor.

5.4 VOLTAGE OUTPUT

Three-Phase Models

To 250 KW 115/200 or 120/208 volts, 4-wire, wye

Above 250 KW 254/440 or 277/480 volts, 4-wire, wye

Single-Phase Models 115 or 120 volts, 2-wire

For other voltage ratings refer to the section at the end of this
specification titled, "Optional Features Available".

5.5 VOLTAGE BUILD-UP Initial voltage build-up is completely automatic.

5.6 VOLTAGE ADJUSTMENT + 10%, minimum adjustment range.

5.7 VOLTAGE REGULATION ± 1/2% from no load to full load.

5.8 VOLTAGE STABILITY The voltage regulator stabilizes the output voltage
within one minute after start-up, and compensates for long-term drift and

ambient temperaturct variations.

5.9 VOLTAGE TRANSIENT LIMITS Upon sudden application or removal of
full rated load at rated power factor, the output voltage will not deviate

by more than ± 25% from the preset value.

5.10 VOLTAGE RECOVERY TIME Following sudden application or removal of
full rated load the output voltage will recover to the regulation band within

0.2 seconds.

5.11 PHASE VOLTAGE BALANCE (Three-phase Models) The individual line-
to-neutral voltages remain balanced within 1% under all balanced load

conditions.

With one-third rated load on any phase and no load on the other two phases, or
any similar condition of one-third load unbalance, the maximum deviation of
any phase voltage from the average of the three phase voltages will not exceed
4%, in accordance with the requirements of MIL-STD-704. (

-4-
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5.12 OVERLOAD CAPABILITY 110% of rated load, continuous; 120% of
rated load for one-half hour.

5.13 SHORT-CIRCUIT CAPABILITY The system is capable of delivering 300%
of rated current into a sustained three-phase short circuit, until the system

protective device is actuated.

5.14 HARMONIC CONTENT

Three-phase Models 1.5% RMS, maximum, line-to-line
and line-to-neutral.

Single-phase Models 3% RMS, maximum.

5.15 MODULATION .Voltage and frequency modulation do not exceed 0.25%.

5.16 FREQUENCY REGULATION t 0% with ± 0% input frequency variation.

(5.17 ELECTROMAGNETIC INTERFERENCE SUPPRESSION Conducted and
radiated electromagnetic interference are suppressed so as not to affect

the normal operation of communications and other types of electronic equipment.

If conformance is required to MIL-l-6181, MIL-1-16910, MIL-I-26600, MIL-
STD-826 or individual user requirements, specify in accordance with the 'Option-
al Performance Available' section at the end of this specification. RFI tests will
be performed, and additional f", ing incorporated, if necessary, to meet the
applicable specification.

6.0 CONTROL, PROTECTIVE DEVICES AND INSTRUMENTS

6.1 INPUT CIRCUIT

Motor Starter, magnetic, in accordance with NEMA Standard IC-1, with
overload and undervoltage protection.

Note: Ratings to 50 KW Across-the-line starter, unless
specified otherwise by the user.
Refer to the 'Optional Features
Available' section.

Above 50 KW Reduced current starting system
limiting the motor starting current
to 400% of rated full load current.

"-5-
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'Start-Stop' pushbutton and 'Motor-On' indicating light, low-voltage
transformer type.

Control circuit transformer, fused, with 120 volt single-phase second-
ary for operating the control and indicating devices.

" 6.2 OUTPUT CIRCUIT

Circuit breaker, industrial type, with thermal overload and short-
circuit protection.

'Load-On' 'indicating light, low-voltage transformer type.

Output voltage adjustment, screwdriver type with locknut, providing
t 10% minimom adjustment range.

.6.3 INSTRUMENTS
I-I

Output Voltmeter and Ammeter, 3-1/2 inch, 2% or better accuracy, ')I
calibrated for the output frequency.

Three-phase models include a'selector switch for monitoring individual
line-to-neutral voltages and phase currents.

6.4 Additional control and protective devices, and instruments are avail-
able as listed in the 'Optional Features Available' section at the end
of this specification.

7.0 INSTALLATION, OPERATION AND MAINTENANCE INSTRUCTIONS

A manual containing the following information is provided with each system:

System description and specifications
Installation and pre-start procedures
Starting and operation instructions
Theory of operation
Maintenance instructions
Replacement-parts list
Schematic and point-to-point wiring diagrams

("

-6-
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MODEL NUMBERS - BRUSHLESS 60/400 CPS SYNCHRONOUS MOTOR GENERATORS

BASIC MODEL NUMBERS
"Three-Phase Single-Phase

KW KVA Output Output

3 3.75 - 22003

5 6.25 21005 22005

7.5 9.38 21007 22007

10 12.5 21010 22010

15 18.75 21015 22015

20 25 21020 22020

25 31.25 21025 22025

30 37.5 21030 22030

40 50 21040 22040

50 62.5 21050 22050

60 75 21060 "22060

75 93.75 21075 22075

100 125 21100 22100

125 156 21125 22125

150 188 21150

175 2i9 21175

200 250 21200

250 312.5 21250

300 375 21300

350 437.5 21350

400 500 21400

450 562.5 21450

500 625 21500

SPECIFYING BY MODEL NUMBER

A complete model number consists of the BASIC MODEL NUMBER, above, plus:

Prefix code letter specifying the type of CONSTRUCTION AND ENCLOSURE; and
Suffix code letters and numbers designating OPTIONAL FEATURES and OPTIONAL

S( -PERFORMANCE DESIRED.
Example: Model T-21075 specified a standard model without options.

Model T-21075-ACFJK-6 specifies a standard model plus options as
listed on the following pages.

-7-
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OPTIONAL FEATURES AVAILABLE
Add applicable code letters as suffix to Basic Model Number

INPUT VOLTAGE

B 230 volts, 3-phase.
C 230/460 volts, 3-phase.

SNote: .if reduced motor starting current, Coae A, is also desired,
the application must be reviewed by the factory.

T 4160 volts, 3-phase.
U Special, per user requirements.

OUTPUT VOLTAGE

N 115 or 120 volts, 3-phase delta.

0 Reconnectable 3-phase wye or delta.
P Reconnectable 3-phase *'ol range, 120A08 & 240/416 volts.
W Special, per user requirements.

METERS

J Output frequency meter, reed type.
R K Running time meter, 10,000 hour scale.

Y Special, per user requirements.

ADDITIONAL CONTROL & PROTECTIVE DEVICES
X

A Reduced motor starting current:
Models up to 30 KW - 300% of full load rcted input current
Models above 30 KW - 400% of full load r ited input current

NOTE: (1) This feature is standard and included on models above 50 KW
(2) If dual input voltage, Option C above, is desired together with

reduced motor starting current, the application must be reviewed
by the factory.

D Out-of-step synchronous motor protection. If the motor falls out of synchronism,
the input circuit to the motor is de-energized.

F Output overvoltage protection, with fault indicating light and manual reset,L' opens the shunt trip in the output circuit breaker.
H Output undervoltoge protection, with fault indicating light and manual reset,

opens the shunt trip in the output circuit breaker.

Q Input circuit breaker.
R Output magnetic contractor, with 'On-Off' pushbuttons and indicating lights*-
S Remote sensing of the output voltage, with foil-safe protection. In the ,event

of an open circuit in the remote sensing leads, voltage regulator sensing (
automatically reverts to the generator output terminals.

V Phase sequence protection prevents unit starting with :eversed phase sequence.
Z Special input and/or output features, per user requirements.

-8-
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OPTIONAL PERFORMANCE AVAILABLE

Add applicable code numbers as suffix to Basic Model Number

1 Voltage regulation better than standard, reference Para. 5.7 - To be specified by user

2 Voltage racovery better than standard, reference Para. 5.10 -

3 Voltage transient better than standard, reference Para. 5.9 -

4 Phase b1lance better than standard, reference Para. 5.11 -

5 Harmonic content better than standard, reference Para. 5.14 -

6 Electromagnetic interference suppression in accordance with required MIL specifications
or individual user requirements, reference Paragraph 5.17.

9 Other special performance requirements - To be specified by user.

CONSTRUCTION AND ENCLOSURE

-- - List applicable code letter as prefix to Basic Model Number
Indoor Outdoor

HORIZONTAL MOTOR-GENERATOR Fixed Mobile* Fixed Mobile

STA NDA RD I NDOO R MODE LS

Control cabinet - :n same base as M-G T M

r- 'orate control cabinet - floor standing F
- wall mounting W

CONSOLE ENCLOSED - controls on front panel C CM CO
(Available to 100 KW)

LOW-PROFILE SKID-MOUNTED (To 100 KW) L LO

VERTICAL MOTOR-GENERATOR (100 KW & above)

Standard control cabinet - on same base as M-G VF VFO
- - for separate mounting VFS VFSO

Console control cabinet - on same base as M-G VC VCO
- for separate mounting VCS VCSO

HORIZONTAL M-G, MOBILE WEATHER-PROOF ENCLOSURE

Mounted on 4-wheel trailer TR

Mounted on 4-wheel self-propelled truck TM

* Indoor Mobility - The motor-generator and control cabinet ore mounted

( ,on a dolly with two fixed and two swivel casters, and tow-bar.

-9-
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... PIONEERS IN PRECISE POWER

F:: V ~:~*

7, 'i

<, . . .. : ~ ~I... . . ": ._.

* MMG-1A MOBILE POWER PLANT

The MMG-1A Is a mobile electric power plant operating from 60 Hertz 3-phase Input power to provide 60 KVA of 400 Hert
3-phase precise power and 1000 amperes of 28 VDC precise power. It Is designed and man tc.fctured by Teledyne Inet In( accordance with U.S. Navy Specification AS.1921, Rev. A, for the all-environment servicing and starting of 1U.S. Navy and
Marine Corps aircraft on the flight line and in the hangar.

The MMG-1 A represents the newest and highest standard of mobility, 400 Hertz and DC electrical pov~er quality, reliability,

and service life for aircraft ground power. Optionally, the power plant is available to operate from 50 Hertz 3-phase input
power. Also up to 90 KVA of 400 Hertz power can be provided for either input frequency.

The power plant consists of an all-environment housing; mobile- uspension; motor-generator; motor-generator controls and
protective devices; solid-state DC rower supply; DC power supply controls and protective devices; instrument and control -

panel; input and output cables.

The 60 to 4 00 Hertz motor. generator is synchronous, single-shaft, two-bearin g; single-exciter, 1200 rpm. A solid-state package
with four plug-in PC boards contains the voltage regulator;, overvoltage. undervoltage, overfrequency, underfrequency and
reverse phase sequence protection.

The M-G frame and end bells are iron castings. Bearings are oversized. Windings and lead insulations are Class H materials
with the maximum operatirngtemperature rise held below that of Class B materials. Dielectric strength is 5000volts. Windings
are protected with a combination of three special coats of varnish and epoxy.

The 60 Hertz to 28 VDC regulated power supply has six phase-controlled SCR's and a solid-state regulator and overvoltage
protection. It is constructed on a flat panel for accessibility, and light weight. Windings are Class H material with three
protective coatings.

The power plant housing and chassis are integral with independent articulated wheel suspension, pneumatic tires, mechanical
brakes, latching tow bar, and lifting and tie-down rings. Hinged weatherproof doors and panels provide quick access.

711 WEST KNOX STREET g GARDENA, CALIFORNIA 90248 *(213) 327-0913 TELEX 67-7228

f_• . "'• .".' .,.•. .. , • ".- l'i ,," ' / • ,' ,'-, ": i.: -4



cable, 30' DC output cable, manuals und tools.

The power plant meets MIL-STD-810 environmental conditions: operation from *401C to +520C, 100 percent humid;ty,

rain, sand, fungus. Radio Frequency Interference (RFI) is suppressed in accordance with MIL-STD-461 and 462 over the

frequency range of 150 KC to 150 MC.

The power plant exceeds the requirements of MIL-M-008090E Type II Mobility. It is steerable with a 9° outsia turning

radii, It can be towed up to 20 mph over all types of terrain and 30 mph on paved roads. Brakes hold on a 28-degree

slope.

Motor.Generator ElectIcal Performance

Input r'ower 220/440 volts, 60 Hz. 3-phase, 3-wire, 1.0 pf

Output Power 60 KVA, 400 Hz. 0.8 pf, 115/200 volts, 3-phas

Overload 140% for 3 minutes; 125% for 10 minutes

Efficiency 72%

Voltage Regulation 0.6%

Voltage Modulation 0.1%

Frequency Regulation 0.1%

Total Harmonics 1.5%

Transient Response *22%

Transient Recovery 0.12 seconds

Phase Balance 0.5 volts

Current "95 amps starting; 85 amps running (7

DiC Power Su.ply Electrical Performancw

Input P( ,eir . 220/440 volts. 60 Hz, 3.phase, 3.wire, 1.0 pf

Outpu'. PN -r 28 VDC, 1000 amps for 5 min.; 500 amps continuous
Efficiency 80%
Voltage Regulatien 0.1 volts

Ripple 0.8 volta

Transient Responso *21%

Transient Recovery 0. 6 seconds

-7-
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(4) Transformers, Voltage Regulators, Line Drop Compensators

Mfr. Name Response Description

GE Yes Letter dated October 5, 1976 -
Sec. (1) - Irrelevant

Heavy-Duty (Sola) Yes Letter dated August 27, 1976
Irrelevant -does not produce
this type of equipment.

Matra No

Queensboro Yes Letter dated August 26, 1976
- ,Irrelevant for this application.

(Superior Electric Co. No

Teledyne Crittenden Yes Letter dated September 7, 1976
Letter dated November 16, 1976

Teledyne Inet Yes Letter dated November 11, 1976

("



IHEVI. DUTY ELECTRIC

P.O. BOX 2BB GOLOSBORO, NORTH CAROLINA 27530* PHONE BiB-734--soo

August 27, 1976

~\12346

SEP 1976Jaros, Baum & Booles

1052 West Sixih Street J*, BAUM ,

Los Angeles. Calif. 90017

Attn: Mr. Paul Katzaroff A

Ref: 60/400 HZ Study

Dear Mr. Katzaroff:

In answer to your letter of inquiry dated August 11, 1976, we find we
are not in a position to provide a positive response. We have produced
very few 400 liZ units and this area is not our major product area.
After reviewing your requirements with our Engineering Department,
we feel that our general product knowledge does not cover what you
seek. The specs particularly on harmonic insertion and efficiency.
we feel, are generally beyond our ability at this time. For your
information, I am enclosing a bulletin describing in general our
product scope.

Very truly yours.

HEVI-DUTY ELECTRIC DIV.
Sola Basic Industries

R. H. Hambidge
Manager -

Specialty Products

RHI-/lh

Enclosure

cc: R. D. Goodwin

L A LAS C 0 5 V I S D O N S ANCHOR ELECTRIC * OIELECTRIC 7COJMhUNICATIONS * NEVI.OUTY ELECTRIC * LINDSBERG NEVIoOLTr

NELSON ELECTRIC • SIEIRA ELECTRIC • SOLA ELECTRIC * WARREN COMMUNIC MTION



Queensboro Transformer & Machinery Corporation

b.s,9n,. & flanufacw.ers of powar - ransform.pi

TLp ONR 115-25 FIFrEENTH AVENUE

1212) 461.5552 COLLEGE POINT. NEW YORK 11356 IjEN~t~tFJCWYORK

August 26, 1976 OLBAM
Mr. Paul Katzaroff, r WVED
Jaros, Baum & Bolles, Consulting Engineers ,,
1052 W 6 St
Los Angeles, CA 90017 '1"
Re- Feasibility Stage Study

Centralized 60/400 Hz Generation & distribution system

Gentlemen:

We thank you very much for your letter of Aug. II, and we also
refer to our telephone conversation of Aug. 16.

We start with answering your Questionnaire.

I. 28 years in the transformer manufacture.

2. 10 years in the Automatic Voltage Drop Compensator - Automatic
Voltag-1 Regulator manufacture.

3. 28 employees, incl. 3 graduated electrical engineers.

4. We manufacture 400 Hz transformers.

5. We did not manufacture, so far, 400 Hz regulators, but we
see no difficulty.

To the best of our belief, ours - our incessant motion type
Voltage Stabilizer is the only voltage correction apparatus on
the world market, which does preclude computer errors.

6. So fe", we have built dry and oil immersed voltage regulators
up co 1,700 kVA, but we have the capability of building them
dp to 20 MVA. We have built regulating LTC (load tap change)
furnace transformers up to 7 MVA.

7. As far the writer knows, we have never operated under MIL -

Q - 9858 A, but we are willing to do so, even if it means an
added bureacratic burden, provided that said extra paper
work is sufficiently rewarded.

Now the budget prices, per unit combination transformer with
voltage stabilizer-, dry type, §OOC, in a single enclosure,indoor, with built-on 4.16 kV oil fuse cutouts, with built

flash into one of the panels (in the way shown on the enclosed
photo-B-525) LV molded case C/B, with emergency hand operation,
with - 2.5% & + 2.5% "push for test" - quick checking feature,
indicating and other instruments as described in the enclosed
spec. We propose to have the stabilizer 3-phase, the transformer
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in its secondary zigzag connected, which will give the same
or better effect then 3 single phase regulators connected to
a wye connected transformer secondiry. According to our spec.,
we offer an accuracy of + 0.25%, valif for the average voltage,
valid for the rms voltage, valid for the peak voltage, and THEREFORE
not inducing computer errors. A surge suppression circuit shall
be built in.

kVA budget price

30 $31-000.
60 37,000.
90 49,000.

150 62,000.
300 115-000.
400 140,000.

Once again, these are units which make error-free operation
of computers; if the requirement is lesser, or for a part of
the apparatus needed leases, then apparatus cf a much lower price
can be offered.

These apparatus hereabove are of our unique "incessant motion'
type, a new invention which works very weil at the Irving Trust
CV., NYC. Before we developed this system, we applied the
"three terminal" regulation, which is a slow control, but
the wave is also strictly sinusoidal, and it has certain "dead
band" (in the incessant regulation, the width of the dead
band is zero). Nonetheless, all computer users of this system
are very happy, among them the main computer center of the
City of NY, and Payne Webber, Jackson & Curtis. These apparatus
with 3-point regulation cost 1/3 to 1/4 of the above prices.

As mentioned, the above prices correspond to indoor apparatus.
For outdoor, we would rather recommend oil immersed apparatus,
55 0 C rise as we have e.g. built (5 transfer/regulators 300 &
500 kVA's) for the Riker's Island Penitentiary, NYC.- If the Navy
insists in the dry type, we have also built such( e.g. for
the Police Launch Station #2, NYC; they have inside thermostatically
controlled heating, the enclosures are double. It works
allright, but oil is better. But oil or dry please add $1,500.
(in the small sizes) to $3,000. (large sizes) for outdoor.

We assume you wish us to give our critical review to your spec.
We do it hereunder.

As we already described in conjunction with the equipment covered
by our qjotation, we would Raekea recommend to supply the
transformer plus the regulator in a single enclosure. Of course
there should be provision for separate removal of the transformer
and/or the regulator by means of a crane or mxxx overhead hoist.
The HV section should be so enclosed that even after removal of
LV panels, door opening etc., no access to HV parts be possible.

Now we are coming to an analysis of thL Spec. in the order it
was composed.



T R A N S F 0 R M E R

To 1.-2.

We propose - just for Queensboro, and not for other prospective
suppliers, 201/116 V zigzag in lieu of wye connected. For a
transformer PROPERLY designed and built, the zigzag secondary mm
shall limit the difference between phase voltages at any load
unbalance to IV max. and make it unnecessary to have 3 sin9le
phase voltage regulators.

There is much more to the art of designing and constructing
zigzag transformers than just to make them with sec'y zigza9
connections. Although everybody builds zigzag connected
grounding autotrsnsformers, there the task is an-easy one and such
an experience qualifies nobody to build zigzag 2-winding transformers.
To the best of our knowledge, Queensboro is the only U.S. manufacturer
with 2 winding transformer zigzag know-how.

As mentioned by phone, there occurred a small mistake in the
spec. Also some other points should possibly be considered.

To begin with we are under the impression that not just the
primary imped-ince could have been meant here, but the impedance.
The impedance is the voltage which is measured on the primary
(normally expressed in terms of percentage of the rated voltage)
when the secondary is short-circuited, and the rated current
flows through the primary.

The impedance is the geometric sum of the leakage reactance and
of the efective resistance corrected to its reference temperature
(in this case IO0C, not 250C).

The leaka-d- reactance is the algebraic sum of the primary
reactance and the secondary reac+ance corrected by the reciprocal
of the turn ratio. - The effective resistance is the algebrais
sum of the primary IO00C a*f effective resistance and the
IIOC secondary effective resistance corrected by the reciprocal
of the turn ratio. The term effective means the sum of the ohmic
or d.c. resistance and the 400 Hz additional a c. resistance,
obtained from wattmeter reading of the total 2 IXR losses, and
subsequent sapanRa*tixtax deduction of the I R losses.

The impedance, be it total, be it just primary, apart from the
slight temperature influence, is a constant and will not have
one value for resistive loads, another for reactive loads. Thus
we interpret the meaning of pare. 5 of your spec. as follows:

"Transformer imped3nce at a test where second3ry windings are
"short circuited, shall be *khxsxmxmf the "effective" (ohmic +

"stray & eddy a.c.) resistance puw, not exceeding 0.61, plus
the thereto geometrically added leakage resistance, whose
"value must not exceed 3%.

From hereon we start to discuss this point.
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As shown hereabove, we were able to interpret what para. 5
intends to express. This does not mean however that we are
in agreement with these conditions; they are unnecessarily
stringent - and possibly their compliance is not feasible
at all. Moreover, the entire para. 5 with its whatever
requirement it be, is, as we shall show fxxkzx further down,
not necessary at all.

Let us start with the resistance, which is the sum of the
resistances of the primary pixZxxtk!Dc and the adjusted secondary
windings, and can be expressed in ohms, or in volts (as voltage
drop), or per unit, or, as in most cases, as a percentage. As
long as we speak about the ohmic resistance - the d.c. measured
resistance, 0.6% is a moderate value, and no particular art
is needed to achieve it. But for the entire effective resistance,
0.6% would be very difficult at 60 Hz, and is almost impossible
to obtain at 400 Hz, as the eddy losses in Ou increase proportionally
to the giwsO power of the frequency.

We would rather count with 1%.

Now the leakage zxnk reactance for a 60 Hz transformer with no
primary-to-secondary shielding - of 3% would be the "natural"value of a sound design.

The primary-to-secondary shielding plus its insulation increases
the primary-to-semndary winding distance, which directly increasesSto laaereactance.

Furthermore, for the same geometrical constellation, the higher
the frequency, the greater is the magnitude of the leakage
reactance.

We did not spent time, so far, in preparing of some trial designs
of your particular transformers. It is possible that a 3% leakage
reactanne is achievable, if the design embodies very tall and
very necrow core windows. Such a design would be not a "natural",
its cost would be relatively very high. And because of the
unnatural height of the core, the design would be connected
with relatively very high iron losses, i.e. no-load losses,
high magnetizing current, high inrush current.

Thus these conditions, if they can be met at all, can be met
only by an uneconomical design, with high no-load loss, high
exciting current, high inrush current. And what are the
advantages, if these sacrifices are made? Only one: a relatively
low transformer's own regulation, i.e. a relatively great
stiffness in maintaining of an output voltage very close to
the emf value.

This would have really been an advantage, if no regulator were
added to the transformer. hith the regulator added, it is of
no importance at all, provided the apparatus own regulation
is not completely "out of whack".

hMy advise is to omit Dara. 5 alltogeteher. Rather specify in

the regulator section a required NET voltage correction

capacity for the total complex transformer incl. regulator.
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Net voltage correction capacity means a correction capacity
at ANY power factor and full load, in which the own voltage
drop (regulation) in both the regulator as well as in the
transformer has already been subtracted.

Our company is guxxt specifying xx± guaranteeing the net
voltage correction capacity for every order, every job, at
all the times.- But to the best of our knowledge we are the
only company in the market ever to do so.

To 4.

The primary-to-secondary shield per se is an inexpensive item,
yet due to the necessary added radial insulation, it causes
some increase of transformer's general dimensions. Consequently,
while it is to be inserted in applications where it Is needed,
it should be omitted where it is unnecessary.

In this particular project , it is necessary in those particular
cases where one 400 Hz otherwise fully isolated generator
supplies power to more than one transformer-regulator assembly.

In our opinion, it should be preferable to omit it, where
one isolated 400 Hz generator feeds a single transformer-

W regulator assembly and absolutely no other load beyond that.

To 8. & 11.

Suggest to omit any impulse test. The operating voltage is
here only 4160 V.

A prototype bolted short-circuit test of the transformer-regulator
assembly may be of some value. The limits and the test spec.
would have to be in such a case very carefully studied.

To 13. & 16.

For outdoor oil should be preferable to the dry type, for the
transformer incl. the regulator. The life expectancy is higher,
the cost of the periodic preventive maintenance lower, reliability
higher.

By the way, we attach absolutely no value to the military
way of calculation of the MLTIB. (mean time between failures)
and NTTR (mean time to repair), based on the failure ratio
of the little electronic components, when they have to work
in conjunction with power apparatus.Time and again we saw that
sound engineering criteria gave a safer guidance.

To 14.

Vie suggest rather than having the oil fuse cutouts inside
the apparatus enclosure, to have them mounted on the apparatus
roof, w±xik with the fuses being acc-ssible from the outside;
we have made it so even for the military (3ermuda) with very
good result. Upon request we shall send you drawings etc.
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The top oil fuse location is good for indoor and outdoor
apparatus, for dry and oil-immersed apparatus. The cabling is2 inside of the apparatus. Vie would use G & W 5 kV, 3-pole
ganged, 200 amp oil-fuse zxtmxx cutouts with a combination
key interlock.

To 15
If our suggestion of combining the transformer and the regulator
in a common enclosure is accepted, the preferable location
of the C/B would be electrically at the regulator output
(not the input).

The LV molded case C/B does not need a separate steel enclosure;we propose fush mounting on one of the regulator panels (seeenclosed photos B-525)

VOLTAGE REGULATOR

To~ ito 5
We just wish to repeat what we proposed in our Remark to 5.A for the Transformer.

We propose to combine the Transformer and the Voltage Regulator
to a single apparatus, and to specify a minimum net
correction capacity of 5% for the total assembly, at ANYload, ANY power factor, AN load unbalance, for an ambienttemperature, say, 6rom +12 C to + 40 C for the indoor apparatus,
and - 20 C to + 40 C for the outdoor apparatus.

This would combine EVERYTHING said in paragraphs 1-2-3-5 andprovide you with more safety.

To 7.

Specifically, for Queensboro only, we propose to furnish atransformer zigzag connected in the LV, we propose to senseeach individual load phase voltage, but to furnish a 3-phaseregulator which will perform its regulation process accordingto the instantaneous AVERAGE ERROR of the 3 individual phasevoltages. We can demonstrate this method and its great
success in various places.

-0 0-
These are only critical remarks to the points contained in
the Spec. We are to your disposal for a very detaileddiscussion of such points, like Cu for windings and leads
for the transformer and the regulator; support of windings and
leads; regulation accuracy; harmonics; accuracy of correctionof the average, of the rms, of the peak voltage - why is itneeded; phase shift made by the apparatus itself; allover
efficiency - transformer incl. regulator.
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As mentioned over the phone, a lecture of mine, sponsored by the
IEEE, arranged by your Mr. A. Dutko, will take place on Oct. 7,
76, at Stone & Webster's auditorium, I Penn Plaza, NYC. The
lecture shall be on this subject, you are-of course, cordially
invited. It would be of very great value - certiinly of value
for this project, if you kindly could attend. We could then spend,
say, a full day together, and go over detail by detail.

Cordial ly,

Frederick S. Rohatyn, MSEE, P.E.
President

FSR:rz

So. Calif. Rep.• Marrs & Assocs, POB 698, La Mirada, CA 90637(2 13 947-209S

Encls.: List of Clientele, Transformers & Reactors
93 pages,-not fully up to date)

List of Clientele, Voltage Regulators
Circular, program of manuf.
Bul. 1000.1 (the picture does not conform to our today's

apparatus, but the text is still valid.-
-for buildings)

Bul. 2000.1 - it might be of academic interest
Reprint from March/Apr.72 ELECTRICAL CONSTRUCTION & MAINTEN.

- Automatic Voltage Drop Compensation (for bldgs.)
Photo B-331 - 225 kVA Computer Voltage Stabilizer

installed at Irving Trust Co., NYC
(2) Photos B-532 - to show our voltage regulator with

built-in C/B
Spec. Computer Voltage Stabilizer
Automatic Voltage Drop Compensation for Computers - this

was the intended start of an article on this
subject, which is iii preparation; it is only
scribled, not well legible, incomplete, and not
really good, but it is the only thing we can
send in the meantime.- Please forgive. Something
much better shall be available in the not too
distant future.



"IM TELEDYNE

CRITTEN.DEN
13011 S. SPRING STREET

LOS ANGELES. CALIFORNIA M0I1

(213) 3214 73

September 7, 1976
JARPS, Be4UM & tOWLIS

RECEIVED

Jaros, Baum & Bolle
1052 West Sixth StreetI, Los Angeles, California 90017

Attention: Mr. Paul Katzaroff
RE: Your letter of 8-11-76, re: Feasibility Study

Centralized 400hz Distribution System

GenLltnen:

Attached are three brochures illustrating some of the products
we design and manufacture at Teledyne Crittenden.

Also attached are three drawings of 400 hertz transformers vith
primary O.F.C.'s and secondary breakers 60, 75 and 150 KVA for
your information.

Following are budgetary prices on 400 hertz transformers with
primary O.F.C.'s, secondary breakers and line drop compensators:

30 KVA " $ 4,947.00 150 KVA - $ 7,265.00
60 .CVA - 5,410.00 300 KVA = 10,650.00
90 KVA - 6,415.00 400 KVA - 13,445.00

In regards to your specification outline for transformers:

Paragraph 5 -- we feel the Qecond word should be
regulation.

Paragraph 8 -- our dry type transformers are designed to
NEMA and ANSI standard3. The primary insula-
tion between windings and winding to ground
for 4160V units is 12000V. The impulse e
test is 25,000 Volts.

We are returning your questionnaire and I hope we have satis-
factorily answered your questions and supplied you with useful
data.

Sincerely,

TELEDYNE CRITTENDEN

-C uck Kimzr S'al ager

CK/mlp
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qUESTIONNAI RE TRANSFORýMR/REGULATORS

1, How many years in transformer business? 53
see

2. How many years in AC regulator business? below-

3. How many employees? 45

4. Do you manufacture 400 Hz transformers? Yes
see

5. Do you manufacture 400 Hz tC regulators? below
see

6. In uhat power capacities? below

7. Do you operate under MIL-Q-9858A? anymore

We will appreciate a customer list illustrating transformers or voltage

regulators you have manufactured which are similar to those required in
power rating, frequency of output, voltage of input or output.

1. When we need a line drop compensator, it is purchased from our sister
company, Teledyne Inet, and installed in conjunction with our transformer.
They have many years of experience in this field.

2. At one time Teledyne Crittend, •perated their Q.C. system in strict com-
pliance with MIL-Q-9858A. We uzre also listed and approved by the Armed
Services Electro Standards Agency to manufacture transformers to MIL-T-
27A & B. However, as the demand dropped for this type of large transformer,
we had to reduce the Q.C. system to be more compatable with the more
competative commercial transformers.

3. Following are a few facilities we have supplied with 400 hz transformers:

Hughes Aircraft Company
Douglas Aircraft Company
North American Rockwell
Leach Corporation
Teledyne Inet
Yuma Marine Corp Air Station
Naval Undersea Center, San Diego
Northrop Corporation
Naval Regional Procurement Office, Washington, D.C.
Litton Industries
Robin's A.F.B. Georgia
Defense Electronic Supply Center, Dayton, Ohio
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S• (2131 32-4355

C ENovember 1.6, 1976 18

S• Jaros, Baum & Bo~lts
1052 1. 6th Street ,. .

S Los Angeles, CA 90017 "

SAttention: Mr. Donald Salyers (482-7676)
( Reference: Your letter of 8-1-76 and phone conversation

S~of this date.SEnclosure: 5 copies of our Brochure 1 7-68.

SAnGentlemen:

We are 4.Ieased to re-quote the following budgetary prices
- ) on three phase 400 hertz dry type transformers on2y, for

outdoor installation, 4160V input to 200Y/115V output,
with electro-static shields.

30 KVA - $1031.00 150 KVA $2862.00
60 KVA = $1568.00 300 KVA = $4695.00
90 KVA - $1965.00 400 KVA - $6228,00

Sincerely,

TL YN CRITTNDEN

-Zhuck Kip.#1, r
Sales Maniger

CC: Jim Vallily
Teledyne Inet
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DRY TYPE TRANSFORMERS
) CFor Lighting & Power Service

PREFACE

Since its establishment in 1923, Crittenden Transformers has provided the electrical
and electronic industries wi N prompt and efficient attention to their transformer
requirements.

Crittenden Transformers has an integrated quality control system to insure uni.
formity and dependability.

• This quality control system meets MIL-Q-9858.

Crittenden transformers are of the highest quality, shipments are prompt, prices are
reasonable, this means dependability and low cost operation to the user. Compare
and judge for yourself.

We maintain a large stock of dry type transformers from 15KVA and upward, single
and three phase, in the 480 volt class, for power and lighting.

• " The list prices in this catalog are for transformers enclosed in sheet metal cases,

core and coil assemblies only, are available at a reduction in price.

For transformer applications other than illustrated in this catalog, see catalogs for
"Power Saturable Reactors" and "Special Purpose Transformers." Our engineering
department is ideally qualified to design all types of transformers for special pur.
poses to customers specifications.

Write or phone your inquiries to the factory, Sales or Engineering departments.

• .1.



DRY TYPE TRANSFORMERS
For Lighting & Power Service

DESIGN AND TEST SPECIFICATIONS )
Design and test specifications for dry type transformers are in accord.
once with the following standards:

ASA C57.12-90 and ASA C57.12-00
NEMA TR1-0.01 thru TRI-0.47
Dry type transformer rated loads are in accordance with the nameplate

ratings. For loads in excess of the nameplate ratings the following
table shall apply. These values are conservative, and will give
approximately the same life expectancy as ti 3ugh the transformer had
been operated at rated load for the 24 hour pe, iod. If additional data
is required, refer to ASA C57.96-01.250.

Doily Loads Above Rating to Give Normal Life Expectancy
in 30°C Average Amrbien_

TIMES RATED KILOVOLT-AMPERES
Ventilated Self-.ooled

Following anu Followed By a

Peek Lead Time in Hours Constant Load Of
90 Percent 70 Percent 50 Perce, t

S1.64 1.85 2.00
1 1.38 1.48 1.52
2 1.23 1.28 1.33
4 1.13 1.15 1.18
1 1.06 1.07 1.08

This manufacturer contends if a 10% continuous overload Is to be
specified, without reduction of life expectancy, tnis should be the ..- -

rating stamped on the nameplate, not some lesser rating. Otherwise,
if tests were to be performed, in accordance wita NEMA and ASA stan-
dards, the nameplate rating will apply, not some greater value.

Certified test reports of basic transformer designs can be supplied
upon request, at no charge. Test reports other than basic transformer
designs can be supplied at on additional cost, this cost to be negoti-
ated with the factory.

Basic impulse level. All Crittenden basic transformer designs are
tested in our plant, with our impulse generator to ASA and NEMA
standards.

Each unit is individually tested for voltage ratio - polarity - sound
level - insulation breakdown between windings, and to core. Induced
voltage test at 2 times normal voltage and 2 times the frequency for
7200 cycles.

S', .-. 1 ~. ,- ,_0i.e&POS# b -

rIr
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, CRITTENDEN TRANSFORMER

ATELEDYNE COMPANY

TRANSFORMER CONSTRUCTION FEATURES

Cores are laminated from oriented non-ageing Electrical steel.

Coils are wound with high temperature film coated oxygen free copper
conductors. Layer insulations are composed of fiber glass cloth,

mica and asbestos.

Low sound levels are obtained by efficient core designs, plus in-

t*rnal vibration mounting, which isolates the core and coil assembly

"from the case. This also reduces transmission of vibration of build-

ing structures. Additional external vibration mounts are available
upon request. Consult factory for prices.

Soiderless compression lugs are supplied for ease of connection, and
they are easily removable if larger sizes are required. These lugs are

sized for the full load ampere rating of each unit. If oversized or

special lugs are required, please consult factory.

Spacious wiring compartments are located at bottom of cases. Com-
partment temperatures will not exceed 300 C rise above ambient,

allowing connection with TW cable.

All units are guaranteed against defective material or workmanship

for one (1) year "from date of shipment." Defective units are to be

returned prepaid to the factory. If factory inspection and tests confirm

the unit defective, Crittenden will repair or replace the defective unit.

Credit will then be issued to compensate for freight charges incurred

because the unit was defective, and the repaired or replacement unit

will be returned prepaid.

COIL CONSTRUCTIONr
as designated by . ..

ASA and NE"A STANDARDS

Class "B" - Insulated for 800 C. rise above • '1 "" I
300 C. ambient. The materials used in this. T - -. "

class ore inorganic, such as fiber glass cloth, - --" ." - -
asbestos, mica and glass fiber insulated con-

ductors, all bonded together with high tempera. L . / " ' " i

ture insulating varnishes. N , L4 LI
Class "IF" - Insulated for 1150 C. rise above - "" A. 1 ""

300 C. ambient. This class requires materials I ,
similar to the class "B" type, except bonding
varnish is class "F." -

Class "i" - Insulated for 1500 C. rise above
300 C. ambient. This class requires materials • ••

similar to the class "B" type, except the .... . -

bondin2 substances are to be composed of sili.

e-- cone compounds. Rubbery or resinous forms of -

silicone compounds are also acceptable.

Vacuum impregnating - At Crittenden this process is standard
procedure for impregnating all types of coils with the proper
insulating varnish.

.3.



r-1

DRY TYPE TRANSFORMERS
For Lighting & Power Service

NEMA & ASA audible sound levels for self cooled, dry type transformers.

600 Volts or Less 1500n Volts to 600 Volts
ASA C89.1 - 1961 NEMA TRI-1962

KVA AVERAGE db KVA AVERAGE db
1 Foot From Case 1 Foot from Case

0-9 40 0-300 58
10-50 45 301.500 60 4
51-150 50 501-700 62

151-300 55 701-1000 64301-500 60 1001-1500 65

1501-2000 66
2001-3000 68

CRITTENDEN Class "H" insulated, Quiet Type Transformers have sound levels of

40 db, 15 through 50 KVA, 45 db, 75 KVA through 150 KVA and 50 db through 500 KVA.

USEFUL ELECTRICAL FORMULAS

ALTERNATING CURRENT
DESIRED DATA 1 •WO.PHASE" THREE.PHASE

FOUR.WIRE

IxExP.F. IxEx2xP.F. IxExl.73xP.F.
Kilowatts

1000 1000 1000

IxE IxEx2 IxExl.73
Kva.

1000 1000 1000

IxExEff.xP.F. IxEx2xEff.xP.F. IxEx1.73%Eff.xP.F.
Horsepower Output 746 746 746

Amperes When H.P.x746 H.P.x746 H.P.x746
Horsepower is Known ExEff.xP.F. 2xE•xEff.xP.F. 1.73xExEff.xP.F.

Amperes When K.W.xl000 K.W.•000 K.W.xl000
Kilowatts is Known ExP.F. 2XF P.F., 1.73xExP.F.

Amperes When K.A A.x0000 KVA.xIOOO KVA.xIOOO
Kvo. is Known E

010 threseis. wo-Pphas. circults the current Ui th.e cow " conductor to 1.41 tl#*o ihat In Sather other conductor.

S=Volts. I = Ampeos. % rff. Pot Cent Ifticioncy. P.P. = P.9, Factor.

.4-
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DRY TYPE TRANSFORMERS

o For Lighting & Power Service

.1

4 FULL LOAD AMPERES FOR SINGLE PHASE TRANSFORMERS

A7 THE FOLLOWING SPECIFIED VOLTAGES

KYA 120 V 240 V 277YV 490 V 2400YV 4160Y V 4800

3 25 12.5 10.8 6.25 1.25 .72 .625

5 41.6 20.8 18.1 10.4 2.08 1.2 1.04

7M 62.5 31.25 27.1 15.63 3.125 1.8 1.563

10 83.3 41.65 36.1 20.83 4.165 2.41 2.083

15 125 62.5 541 31.25 6.25 3.6 3.125

20 166.5 83.25 72.1 41.6 8.325 4.82 4.16
z 25 208 104 90.2 52 10.4 6 5.2
3733 312 156 135 78 15.6 9 7.8

50 416 208 181 104 20.8 12 10.4

75 625 312.5 271 156.3 31.25 18 15.63

100 833 416.5 361 208.3 41.65 24.1 20.83

125 1040 520 451 260 52 30 26

150 1250 625 541 312.5 62.5 36.1 31.25

167h~ 1395 697.5 605 348.75 69.75 40.3 34.875

200 1666 833.5 723 416.5 83.3 48.2 41.65

250 2082 1041 903 520.5 104.11 60 52.05

333 2775 1387.5 1201 693.75 138.75 80 69.375

500 4180 2082 1805 1041 208.2 120.4 104.1

Cr
CRITTENDEN TRANSFORMER

ATELEDYNE COMPANY



DRY TYPE TRANSFORMERS
For Lighting & Power Service

FULL LOAD AMPERES FOR THREE PHASE TRANSFORMERS

AT THE FOLLOWING SPECIFIED VOLTAGES

KVA 208 V 240 V 480 V 2400 V 4160 V 480 V 7200 V 12000 V

5 13.9 12 6 1.2 .7 .6 .4 .24

7Y2 20.8 18.1 9.1 1.81 1.04 .91 .6 .361

9 25 21.7 10.8 2.17 1.25 1.08 .72 .434

15 41.6 36.1 18 3.61 2.08 1.8 1.2 .723

20 55.5 48.2 24.1 4.82 2.78 2.41 1.6 .965

25 69.4 60.2 30.1 6.02 3.47 3.01 2.01 1.2

30 83.3 72.2 36.1 7.22 4.16 3.61 2.4 1.45

37.5 104.2 90.2 45.2 9.02 5.2 4.52 3.01 1.8

45 125 108.1 54.1 10.81 6.25 5.41 3.61 2.17
50 139 120.2 60.1 12.02 6.95 6.01 4.02 2.42

75 208 180 9C.1 18.1 10.4 9.01 6.02 3.61

100 278 240 120 24 13.9 12 8.02 4.82

112.5 312 271 135.5 27.1 15.6 13.55 9.03 5.42

150 416 361 180.5 36.1 20.8 18.05 12 7.22

200 555 482 241 48.2 27.8 24.1 16 9.63

225 625 541 271 54.1 31.2 27.1 18 10.8

250 695 602 301 60.2 34.7 30.1 20 12

300 833 ?22 361 72.2 41.6 36.1 24.1 14.5

500 1390 1202 601 120 69.5 60.1 40.2 24.2

750 2082 1804 902 181 104 90.2 60.2 36.1

1000 2780 2400 1200 240 139 120 80.2 48.2

1500 ,160 3610 1805 361 208 180 120 72.2

2000 5550 4810 2410 481 278 241 160 96.3

~ CRITTENDEN TRANSIFORMER

ATELEDYNE COMPANY
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DRY TYPE TRANSFORMERS

C0 For Lighting & Power Service

STANDARD LUGS AND WIRE SIZES

MAX. MIN. MAX. MIN.
COPPER COPPER ALUM. ALUM.

AMPS. AMPS. AMPS. AMPS. WIRE SIZES

SAU-70 70 15 60 #4 #14

SLU-70 80 40 70 30 98

tC O SLU-125 125 90 100 80 #1/0 #2

SLU.225 200 90 150 80 #4/0 #2

SLU.300 275 125 225 100 #350 MCM #1/0

SLU-40U 325 125 275 100 #500 MCM 41/0

LU.2 400 250 300 200 2-94/0 2-91/0

LU.4 550 250 450 2013 2-0350 MCM 2-#1/0

LU.6 650 250 550 200 2-#500 MCM 2-#1/0

2 Pcs. -
TL2650P 1800 1300 1400 1100 4-1I000 MCM 4-4500 MCM

-'.L/ - CRITTENDEN TRANSFORMER

ATELEDYNE COMPANY



,Oe qýý CRITTENDEN IRANSFORMER

ATELEDYNE CON,01ANY

ALLOWABLE CONTINUOUS CURRENT-CARRYING CAPACITIES

OF COPPER CONDUCTORS IN AMPERES

Not More Than Three Conductors In Raceway or Cable
(Based on Room Teorpratures of .^0°C. 860F.)

CALIF. NATION.. Crt,• _____

Piper

Rubber Thermo-
Type R V plastic I3piC

Cald. Type R U Asbestos Asbestos naered
(14-6) Type T A Vat.Cam Asbestos Asbestos

R! e State Rubber Type Type Type A
AVG Thermo- Type Var.Cam AVA At (14-8)
Mci, plastic RH Type V Type (14.8) Type AA

1962 Type T AVL Type
(14-4/0) Asbestos AIA
Type TV Var-Cam
(14 4/0) 1 Type AVB

14 15 15 15 25 30 30 3012 20 20 20 30 35 40 40
10 3X 30 30 40 45 50 55 C
8 40 i 40 45 50 60 65 70

6 50 55 65 70 80 85 ST
4 70 70 85 90 105 115 12)
3 80 80 100 105 120 130 1IJ
2 90 95 115 120 135 145 165
1 100 110 130 140 160 170 i90

0 125 125 150 155 190 200 225
00 150 145 175 185 _ 230 230000 175 165 200 210 245 265 285

0000 200 195 230 235 275 310 340

250 225 215 255 270 315 335 ...

300 2. 240 285 300 345 380 .....
350 275 260 310 325 390 420 .....400 300 280 335 360 420 450 .....
500 325 320 380 405 470 500 1.....

600 ..... 355 420 455 525 545 1.....
700 ..... 385 460 490 560 600 .....
750 400 400 475 500 580 620 .....
800 ..... 410 490 515 600 640 .....
900 435 520 555 ..... ..... I .....

1,000 450 455 545 585 680 730 .....
1,250 ..... 495 590 645
1,500 . . .... 520 625 700 785
1,750 ..... 545 650 735 .......... .....
2,000 560 665 775 840 .....

-8.



CRITTENDEN TRANSFORMER

ATELEDYNE COMPANY

r d TEMPERATURE CONVERSION TABLE
To use the table, look for the temperature reading we have in the middle column.

If the reading you have is in degrees Centigrade, read the Fahrenheit equivalent in the
right hand column. If the reading you have is in degrees Fahrenheit, read the Centigrade
equivalent in the left hand column.

"1 -80 to 34 35 to 77 7 te 290

% F C C

-62 -80 -112 1.7 35 95.0 25.6 78 172.4
-57 -70 - 94 2.2 36 96.8 26.1 79 174.2
-51 -60 - 76 2.8 37 98.6 26.7 80 176.0
-46 -50 - 58 3.3 38 100.4 27.2 81 177.8
-40 -40 - 40 3.9 39 102.2 27.8 82 179.6
-34 -30 - 22 4.4 40 104.0 28.3 83 181.4
-29 -20 - 4 5.0 41 105.8 28.9 84 183.2
-23 -10 14 5.6 42 107.6 29.4 85 185.0
-17.8 0 32 6.1 43 109.4 30.0 86 186.8
-17.2 1 33.8 6.7 44 111.2 30.6 87 188.6
-16.7 2 35.6 7.2 45 113.0 31.1 88 190.4
-16.1 3 37.4 7.8 46 114.8 31.7 89 192.2
-15.6 4 39.2 8.3 47 116.6 32.2 90 194.0
-15.0 5 41.0 8.9 48 118.4 32.8 91 195.8C O -14.4 6 42.8 9.4 49 120.2 33.3 92 197.6
-13.9 7 44.6 10.0 50 122.0 33.9 93 199.4
-13.3 8 46.4 10.6 51 123.8 34.4 94 201.2
-12.8 9 48.2 11.1 52 125.6 35.0 95 203.0
-12.2 10 50.0 11.7 53 127.4 35.6 96 204.8
-11.7 11 51.8 12.2 54 129.2 36.1 97 206.6
-11.1 12 53.6 12.8 55 131.0 36.7 98 208.4
-10.6 13 55.4 13.3 56 132.8 37.2 99 210.2
-10.0 14 57.2 13.9 57 134.6 37.8 100 212.0
- 9.4 15 59.0 14.4 58 136.4 43 110 230
- 8.9 16 60.8 15.0 59 138.2 49 120 248
- 8.3 17 62.6 15.6 60 140.0 54 130 266
- 7.8 18 64.4 16.1 61 141.8 60 140 284
- 7.2 19 66.2 16.7 62 143.6 66 150 302
- 6.7 20 68.0 17.2 63 145.4 7. 160 320
- 6.1 21 69.8 17.8 64 147.2 77 170 338

- 5.6 22 71.6 18.3 65 149.0 82 180 356
- 5.0 23 73.4 18.9 66 150.8 88 190 374
- 4.4 24 75.2 19.4 67 152.6 93 200 392
- 3.9 25 77.0 20.0 68 154.4 99 210 410
- 3.3 26 78.8 20.6 69 15W.2 100 212 413.6
- 2.8 27 80.6 21.1 70 158.0 104 220 428
- 2.2 28 82.4 21.7 71 159.8 110 230 446
- 1.7 29 84.2 22.2 72 161.6 116 240 464
- 1.1 30 86.0 22.8 73 163.4 121 250 482

* -0.6 31 87.8 23.3 74 165.2 127 260 500
' -' - 0.0 32 89.6 23.9 75 167.0 132 270 518

0.6 33 91.4 24.4 76 168.8 138 280 536
1.1 34 93.2 25.0 77 170.6 143 290 554

Formulas - C 5/9 (F -32) or F =9/5 C 32

.9.



DRY TYPE TRANSFORMERS
Class B Insulated 80°C Rise

AUTO STARTER TRANSFORMERS O, "

NEMA MEDIUM DUTY

2 COIL OPEN DELTA TYPE
50/67/84/ 100% TAPS

208 or 240 or 480 VOLTS-3 PHASE-60 CYCLES

HORSE LIST DIMENSIONS
POWER PRICE - TA B C D E F G WT.

10 148.00 6/ 10Y2 6 9,11 4.114 9/32 x 9/16 50

15 1 6% 10, 7/4 9V,2 4,5/8 9/32 x 9/16 54

l20 1E..00 6Y4 10i 7Y2 9½ 4.7/8 9/32 x 9/16 58
: 25 207.00 63/ 10)1 8 9Y2 5-3/8 9/32 x 9/16 62

30 22.00 81/4 1• I 8/8 10Y2 5 11/32x 11/16 75
S40 272.00 81/ 11bi 8 N 10Y2 5-.' 411/32 x11/16 98

50 320.00 9/4 11½ 9 10)1 6 I/32 D. 120

60 368.00 12 14 9 12 6 1'/32 D. 14D

75 408.00 13/4 15 9)6 13 6 1 /32 D. z 160

100 457.00 13Y 16 9YA 14 6!1 13/32 D. 0 238

125 492.00 14 16 10 14 6V 13/32D 2 248
150 518.00 14114 16)1 10¼ 14Ci 7 13/32 D, z 26

200 550.00 153'2 1602 10)t 143'% 7 13/32 D. z 279
250 622.00 17 173)1 11 15',ti 7Y2, 13/32 D. 0 298
300 718.00 17% 20% 1214 18'4 832 13/32D. -J 365

z
350 761.00 1931, 20%4 13i' 18 103', 15/32 D. z 420

400 833.00 21 22 143' 20 103' 15/32 D. 490

450 936.00 23 22 15YA 20 1011 15/32 D. 545

500 1076.00J 253', 24 17 T' 22 11% 15/32D. 600

Prices and dimensions subject to change with*,jt notice.

150% io-0%I
ii% 84%A

W7% 67 %

"0 - J

FxG IN ANGLE MOUNT AS SHOWN
F DIA. IN CHANNEL MOUNT

.10.



DRY TYPE TRANSFORMERS
0 C For Lighting & Powe2 Service

Class H Insulated 150Ic Rise

for Indoor Installation

For Outdoor Instaliatlon specify w/P Shields
For Well Mounting Brackett see Page 24

SINGLE PHASE - NO TAPS - 60 CYCLE

KVA PRIMARY SECONDARY LIST CASt WIRING APPROX.
VOLTAGE VOLTAGE PRICE NO. DIAGRAM WEIGHT

15 240/480 $20, $388 60.4 AA 160
20 240/480 120/240 447 60.4 AA 172
25 240/480 120/240 536 60.4 AA 10
30 240/480 120/240 I 583 60.4 AA 230
37% 2,0/480 120/240 J 635 60.5 AA 320

50 240/480 240/120 825 63. AB 430
C C 75 240/480 240/120 1030 61 AB 600

100 240/480 240/'20 1260 61 AB 732
150 240/480 240/120 1740 64 AB 1087
167Y2 L240/480 240/120 2037 6 64 1 AB 1132

See Pages 22 and 23

SINGLE PHASE - TAPPED 2-2Yz% FCAN & 4-2%% FCBN

480 - OR - 240 TO 120/240 or 'A'/120 - 60 Cycle

SECONDARY VOLTAGE CASE WIRING APPROX.
KVA LIST PRICE 3 WIRE 4 WIRE NO. DIAG;."4 WEIGHT

15 $412 120/240 60.4 CA 160
20 477 120/240 60.4 CA 172
25 559 120/240 60.4 CA 210
30 617 120/240 60.4 CA 320
37Y2 748 120/240 60.5 CA 320

50 863 240/120 63 DB 430

10- 75 1105 240/12n 61 DB 600
100 1281 240/120 61 D B 732
150 1850 240/120 64 DB 1087
167Y2 2139 240/120 64 DB 1132

Prices subject to change without notice. See Pages 22 and 23

_11.*



DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulaied SO°c Rise

For Indoor Installation

N For Outdooi Installation Specify W/P Shields
For Wall Mounting Brackets see Pgqe 24

SINGLE PHASE - NO TAPS

2400/4160 to 120/240 or 240/480 Volts - 60 Cycle

LIST SECONDARY VOLTAGE CASE WIRING APPROX.
KVA PRICE 3 JIRE 4 WIRE NO. DIAGRAM WEIGHT

15 $412 120/240 240/480 60.4 A 170

20 477 120/240 240/480 60.4 A 190
25 559 120/240 240/480 60.4 A 215
30 617 120/240 240/480 60.5 A 285
37!ý 718 120/240 240/480 60.5 A 355

50 863 240/120 240/480 61 B orA 534
* 75 1105 240/120 240/480 61 B orA 644

0) 1381 240/120 240/480 54 B orA 802
150 1*,8SO 140/120 240/480 64 B orA 1095
167!1 21:39 740/12 , 240/480 64 B orA 1140

See Pages 22 and 23

SINGLE PHASE - TAPPED 2.2Y2% FCAN & 4-2Y2% FCBN

2400/4160 to 120/240 or 240/120 or 240/480 Volts - 60 Cycle

KVA LIST SECONDARY VOLTAGE CASE WIRING APPROX.

KVA PRICE 3 WIRE 4 WIRE NO. DIAGRAM WEIGHT

15 $432 120/240 240/480 60.4 CA 170
20 495 120/240 240/480 60.4 CA 190
25 585 120/240 240/48D 60.4 CA 215
30 647 120/240 240/480 60.5 CA 285
37,2 748 120/240 240/480 60.5 CA 355

"50 903 240/120 240/480 61 DBorDA 534
75 1175 240/120 240/480 61 DB or DA 644

100 1425 240/120 240/480 54 DB or DA 802
150 1950 240/120 240/480 64 DBorDA 1095
167`2 2210 240/120 240/480 64 DBorDA 1140

Prices subject to change without notice. See Pages 22 and 23
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DRY TYPE TRANSFORMERS
For Lighting & Power ervice

0 Class H Insulated 150 0c Rise

For Indoor Installation

Far Outdoor Installation Specify W/P SI'ields
For Well Mounting Brackets Sea Page 24

SINGLE PHASE - NO TAPS

4160 te 120/240 or 240/120 or 240/480 Volts - 60 Cycle

LIST SECONDARY VOLTAGE CASE WIRING APPROX.

KVA 'ORICE 3 WINE 4 WIRE NO. DIAGRAM WEIGHT

15 $442 120/240 240/480 60.4 A 170
20 495 120/240 240/480 t .4 A 190
24 594 120/240 240/480 6D.4 A 215
30 650 120/240 240/480 60,6 A 285
37% 763 120/240 240/,W 60.5 A 355

50 900 240/120 240/480 61 or A 534
75 1172 240/120 240/480 61 B or A 644

N 100 1440 240/12D 240/480 54 B or A P22
150 1955 240/120 240/480 64 B or A 0u95
167Y2 2171 240/120 240/480 64 B or A 1140

Sae Pages 22 and 23

SINGLE PHASE - TAPPED 2-2Y% FCAN & 4-2Y% FCBN

4160 to 120/240 or 240/120 or 240/480 Volts - 60 Cycle

UIST SECONDARt VOLTAGE CASE I WIRING APPROX.

KYA PRICE 3 %IRE 4 WIRE NO. DIAGRAM WEIGHT

15 $456 120/240 240/480 60.4 CA 170
20 511 120/240 240/480 60.4 CA 190
25 613 120/240 240/480 60.4 CA 215
30 675 120/240 240/480 60.5 CA 285
37Y2  787 120/240 240/480 60.5 CA 355

; 50 946 240/120 240/480 61 DB or DA 534
75 1232 240/120 240/480 61 D8 or DA 644

"100 1510 240/120 240/480 54 DBorDA 802
150 2050 240/120 240/480 64 DBorDA 1095
167Yh 2281 240/120 240/480 64 DB or DA 1140

Prices subject to change ,fithout notice. See Pages 22 and 23
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DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulated 150€c Rise

For Indoor Installation

For Outdoor Installation Specify W/P Shields
V' For Wall Mounting Brackets S.0 Page 24

SINGLE PHASE - NO TAPS

4800 to 120/240 or 240/120 or 240/480 Volts - 60 Cycle

LIST SECONDARY VOLTAGE CA.SE WIRING APPROX.
KVA PRICE 3 WIRE 4WIRE NO. DIAGRAM WEIGHT

15 $442 120/240 240/480 60.4 A 170
20 495 120/240 240/480 60.4 A 190
25 594 120/240 240/480 60.A A 215
30 650 120/240 240/480 60.! A ,.85
3 7hj 763 120/240 240/480 60.5 A 355

5P 900 240/120 240/480 61 B or A 534
75 1172 240/120 240/480 61 B or A 644

10t 1440 240/120 240/40 54 B or A 802 )
150 1955 240/120 240/480 64 B or A 1095
167)1 2171 240/120 240/480 64 B or A 1140

See Pages 22 and 23

SINGLE PHASE - TAPPED 2.2M% FCAN & 4.2%% FCBN

4800 to 17.0/240 or 240/120 or 240/480 Volts - 60 Cycle

LIST SECONDARY VOLTAGE CASE WIRING 6PPROX.
KVA PRICE 3 WIRE 4 WIRE NO. DIAGRAM WEIGHT
15 $456 120/240 240/480 60.4 CA 170
20 511 120/240 240/480 60.4 CA 190
25 613 120/240 240/480 60.4 CA 215
30 675 120/240 240/480 60.5 CA 285
37Y 787 120/240 240/480 60.5 CA 355

50 946 240/120 240/480 61 DBor DA 5341
7 ! 1232 240/120 240/480 61 DB or DA 644

100 1510 240/120 240/480 54 DBorDA 802
150 2050 240/120 240/480 64 DBorDA 1095
167Y 2281 240/120 240/480 64 DB orDA 1140

Prices subject to change without notice. See Pages 22 and 23
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'A k CRITTENDEN TRANSFORMER

A TELEDYNE COMPANY

t0 C SPECIAL APPLICATIONS

EXTENDED WYE TRANSFORMERS

When a 240 volt three phase power load is also required from a 208Y/120 volt light-S°Ing transformer, the extended wye can be supplied, (see diagram below), at an addi-
tional cost of 5%.

HI to to X

SLX2

XO X4 P1 X5 X2 W 6 X3

Wiring Diagram

U~i.•_•J Lightning Arrestors

'can be supplied

Oilupon request.

Oil Fused Cutouts can be mounted The impulse strength of Dry Type transformers is less than thot ofin top of transformer case. Single liquid-immersed units of the same voltage class. If there is anyor three-phase. likelihood that transformers will be exposed to lightning or severeSee page 26 switching s.;rges, udequate protective equipment must be provided.

SCOTr T OR THE ZIG ZAG
Grounding Transformer can be supplied upon request.
Please call or write the factory for technical data and prices.

Zig-Zag Wiringu -Diagram

II X2 x) x4

Scott T 3-2 Phase

Wiring Diagram

-15-.



DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulated 150'c Rise

For Indoor Installation

For Outdoor Installations Specify W/P Shields
For Wall Mounting Brackets See Page 24

NNO TAPS - THREE PHASE - TAPPED
480 to 240 Volts - 60 Cycle

NO TAPS 2.Zi% FCAN & 4.2Y% FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE NO. DIAGRAM WEIGHT

15 $411 $440 44 G or H 220
20 525 556 44 G or H 275
25 615 646 43 G or H 337
"30 708 744 43 G or H 353

37% 846 890 42 G or H 440
45 967 1015 42 G or H 484
50 1074 1130 42 G or H 512
75 1300 1365 41 G or H 726

100 1500 1572 49 G or H 976
1126 1600 1680 49 G or H 1020
150 2200 23D0 48 G or H 1210
200 2450 2575 45 G or H 1732

225 2630 2760 45 G or H 1800
250 2800 2940 45 G or H 1875
300 3300 3500 46A G orH 2154500 6400 47A H 3000750 8160 52 H 4035

See Pages 22 and 23

NO TAPS - THREE PHASE - TAPPED
480 or 240 Delta to 208Y/120 or 480V/277 - 60 Cycle

NO TAPS 2-2h% FCAN & 4..2,i FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE NO. DIAGRAM WEIGHT

15 $411 $440 44 E or F 220
20 525 556 44 E or F 275
25 615 646 43 E or F 337
30 708 744 43 E or F 353

37Y 846 890 42 E or F 440
45 967 1015 42 E or F 484
50 1074 1130 42 E or F 512
75 1300 1365 41 E or F 726

100 1500 1572 49 E or F 976
112Y2  1600 1680 49 E or F 1020
150 2200 2300 48 E or F 1210
200 2450 2575 45 E or F 1732

225 2630 2760 45 E or F 1800
250 2800 2940 45 E or F 1875
300 3300 3500 46A E or F 2154500 6400 47A F 3000
750 8160 52 F 4035

Prices subject to change without notice. See Pages 22 and 23
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DRY TYPE TRANSFORMERS
For Lighting & Power Service Pq

Class H Insulated ISO°c Rise

For Indoor Installation

For Outdoor Installation Specify W/P Shields
For Wall Mounting Brackets Soo Page 24

NO TAPS - THREE PHASE - TAPPED
4160/2400 to 240 or 480 Delta - 60 Cycle

NO TAPS 2.-2% FCAN & 4.2n'% FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE NO. DIAGRAM WEIGHT

15 $530 $557 43 1 or J 270
20 634 665 43 1 or J 294
25 792 823 42 1 or J 366
30 900 936 42 I or J 397
37Y 1078 1120 65 1 or J 440
45 1206 1250 65 1 or J 484
50 1250 1300 65 1 or J 512
75 1520 1580 49 I or J 748

100 1780 1850 48 1 or J 10001 12Y2 1950 2030 48 1 or J 1092
150 2400 2495 53 I or J 1285
200 2850 2960 50 : ifr J 1875
225 3105 3230 50 I or J 1925
250 3280 3410 51 I or J 2010
300 3961 4170 51 I or J 2365
500 6570 47A J 3288
750 8520 52 1 1 4465

1000 10590 .... Refer to factory

See Pages 22 and 23

NO TAPS - THREE PHASE - TAPPED
2400 Delta to 208Y/120 or 480Y/277 - 60 Cycle

NO TAPS 2-21j% FCAN & 4.2Y3% FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE NO. DIAGRAM WEIGHT

"15 $530 $557 44 E or F 220
20 634 665 44 E or F 275
25 792 823 43 E or F 337
30 900 936 43 E or F 353
37Y2  1078 1120 42 E or F 440
45 1206 1250 42 E or F 484
50 1250 1300 42 E or F 512
75 1520 1580 41 E or F 726

100 1780 1850 49 E or F 976
112Y2 1950 2030 49 E or F 1070
150 2400 2495 48 E or F 1210
200 2850 2960 45 E or F 1732
225 3105 3230 45 E or F 1800
250 3280 3410 45 E or F 1875
300 3961 4170 46A E orF 2154
500 6570 47A F 3000

S C ' i 750 8520 52 Pefer ,o 4035SF 4035
1000 10590 .. t ....

Prices subiect to change without notice. Se Pages 22 and 23
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DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H insulated 150°c Rise 0,

For Indoor Installation

For Outdoor Installation Specify W/P Shields
For Wall Mounting Brackets See Page 24

NO TAPS - THREE PHASE - TAPPED
4160 Delta to 240 or 480 Delta - 60 Ccle

NO TAPS I 2-2h% FCAN & 4-2Y,% FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE NO. DIAGRAM WEIGHT

15 $630 $648 43 3 or H 270
20 780 802 43 G or H 294
25 910 937 42 1 or H 366
30 1045 1075 42 Gor H 397
37) 1177 1210 65 G or H 440
45 1298 1335 65 G o," H 484
50 1442 1483 65 G ov H 512
75 1742 1795 49 G ot H 748

100 2048 2105 48 G or N 1000
112 2 2304 2375 48 G or H 1092
150 2790 2870 53 G r.; H 1285
200 3250 3350 50 G ct H 1875
225 3380 3490 50 G or H 1925
250 3760 3870 51 G or H 2010
300 4389 51 H 2365
500 6800 47A H 3288
750 8946 52 H 4465

1000 11120 Refer H Refer
1500 14300 to H to
2000 18350 Factory H F, sctory
2500 24400 H

See Pages 22 oi,% 23

NO TAPS - THREE PHASE - TAPPED
4160 Delta to 208Y/120 or 480Y/277 - 60 Cycle

NO TAPS 2-2t1A FCAN & 4.2)•' FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE NO. DIAGRAM WEIGHT

15 $630 $648 43 E or F 270
20 780 802 43 E or F 294
25 910 937 42 E or F 366
30 1045 1075 42 E or F 397
37Y 1177 1210 65 E or F 440
45 1298 1335 65 E or F 484
50 1442 1485 65 E or F 512
75 1742 1795 49 Fl or F 748

100 2048 2105 48 E or F 1000
112 2304 2375 48 E or F 1092
150 2790 2870 53 E or F 1285
20n 3250 3350 50 E or F 1875
225 3380 3490 50 E or F 1925
250 I 760 3870 51 E or F 2010
300 4389 51 F 2365
500 6800 47A F 3288

750 8946 52 F 44651000 11120 Refer F Rfr" '
1500 14300 to F to
2000 18350 Factory F Factory
2300 24400 F

P~ices subject to change without notice. See Pages 22 and 23
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DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulated 1SO0 c Rise

For Indoor Installation
For Outdoor Installation Specify W/P Shields
For Wall Mounting Brackets See Page 24

NO TAPS -THREE PHASE- TAPPED
4800 Delta to 240 or 480 Delta - 60 Cycle

NO TAPS 2-2t6%FCAN& 4-2KFCBN I CASE WIRING APPROX.
KVA UNIT PRICE LIST PRICE NO. DIAGRAM WEIGHT

15 $ 630 $ 648 43 G or H 270
20 780 802 43 G or H 294
25 910 937 42 G or H 366
30 1045 1075 42 G or H 397

37h 1177 1210 65 G or H 440
45 1298 1335 65 G or H 484
50 1442 1485 65 G or H 512
75 1742 1795 49 G or H 748

100 2048 2105 48 G or H 1000
112h' 2304 2375 48 G or H 1092
150 2790 2870 53 G or H 1285
200 3250 3350 50 G or H 1875

225 3380 3490 50 Gor H 1925
250 3760 3870 51 G or H 2010
300 4389 51 H 2365
500 6800 47A H 32AR
730 8946 52 H 4465

1000 11120 Refer H Refer1500 14300 to H to
0 18350 Factorl, Factory

be* ages 22 and 23

NO TAPS - THREE PHASE - TAPPED
4800 Delta to 208Y/120 or 480Y/277 - 60 Cycle

NO TAPS 2.2-i% FCAN & 4-21'% FCBN CASE WIRING APPROX.

KVA UNIT PRICE LIST PRICE NO. DIAGRAM WEIGHT

1- $630 $648 43 E or F 270
20 780 802 43 E or F 294
25 910 937f 42 E or F 366
30 1045 1075 -42 .E or F 397
37Y 1177 1210 65 E or F 440
45 1298 1335 65 E or F 484
50 1442 1485 65 E of F 512
75 1742 1795 49 1E r F 74A

100 2048 2105 48 E orF 1000
112Y2 2304 2375 48 E o! F 1092
150 2790 2870 53 E or F 1285
200 3250 3350 50 E or F 1875

225 3380 3490 50 E or F 1925
250 3760 3870 51 E or F 2010
300 4389 51 E or F 2365
500 6800 47A F 3288
750 8946 t 52 F 4465

1000 11120 Refer Refer143o to I F
__ _1835 Factory to
500 1 24400 1 :Ctory

Prices subject to change without notice. See Pages 22 and 23

. 19.



DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulated 150 0c Rise j.

For Indoor Installation only

NO TAPS - THREE PHASE - TAPPEDSI12000 to 240 or480 Delta 60 Cycle

NO TAPS 2-2)f% FCAN & 4-2)6% FCBN CASE WIRING APPROX.KwA LIST PRICE LIST PRICE NO. DIAGRAM WEI0IT

112Y $2800 $2880 G or H
150 3300 3400 G or H
200 4000 4120 >- G or H
225 4300 4430 0, G or H
250 4500 4630 p G or H 0

300 5000 5150 4 Gor H
500 7350 L. H u.
750 10600 o H 0

1000 12500 H
1500 14900 -• H

UJ U.,
2000 18900 W H w
2500 25800 H
3000 31500 H
3750 42000 H
5000 1 52500 H

See Pages 22 and 23

NO TAPS - THREE PHASE - TAPPED
12000 Delta to 208Y/120 or 480Y/277 - 60 Cycle

NO TAPS 2.2Y5% FCAN & 4-Vt% FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE jO. DIAGRAM WEIGHT

112Y2  $2800 $2880 E or F
150 3300 3400 E or F200 4000 4120 >. E or F >
225 4300 4430, E or F
250 4500 4530 E of F o
300 5000 5150 < EarF
500 7350 . F F
750 10600 F F1000 12500 F

1500 1A900 F
2000 18900 . F uLUJ
2500 25800 F -
3000 31500 F
3750 42000 F
5000 52500 F

Prices suoject to change without notice. Set Pugp; 22 and 23
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DRY TYPE TRANSFORMERS
For Lighting & Power Service

C C-, Class H Insulated 150€c Rise

& For Indoor Installation Only

NO TAPS - THREE PHASE - TAPPED
13200 to 240 or 480 Delta - 60 Cycle

NO TAPS 2-2)6% FCAN & 4-2y2% FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE NO. DIAGRAM WEIGHT

112Y2 $2800 $2880 G or H
150 3300 3400 G or H
200 4COO 4120 >. G or H
225 4300 4430 Iz G or H
250 4500 4630 1 G or H 0
300 5000 5150 o G or H U
500 7350 u. H750 10600 H 0U-

1000 12500 H
1500 14900 H m
2000 18900 u- H LL
2500 258C0 H L
3000 31500 H
3750 42000 H
5000 52500 H

See Pages 22 and 23

NO TAPS - THREE PHASE - TAPPED
13200 Delta to 208Y/120 or 480Y/277 - 60 Cycle

NO TAPS 2-2Y2% FCAN & 41-2t% FCBN CASE WIRING APPROX.
KVA LIST PRICE LIST PRICE NO. DIAGRAM WEIGHT

112Y2 $2800 $2880 E or F
150 3300 3400 E or F
200 4000 4120 >. E or F
225 4300 4430 0: E or F c"
250 4500 4630 p E or F 0
300 5000 5150 U E or F U
500 7350 " F u.
750 10600 0 F 0

1000 12500 F 1-
1500 14900 F y

U.,
2000 18900 IL F u.
2500 25800 of F 0,
3000 31500 F
3750 42000 F
5000 52500 F

Prices sub ect to change without notice. See Pages 22 and 23
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DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulated SO°c Rise

ALL DIMENSIONS ARE IN INCHES

OVERALL MOUNT ING
CAS DIMENSIONS DIMENSIONS MOUNTING CONDUIT OPENINGS
NO! A B C D E Size F G

41 33% 29N' 204 26V 18 9/16x1 x 4x 10 10 6-1/4
42 31¼1 25,1 181% 22. 16 9/16 x 1 4 x 10 9 6-1/4
43 27Y2 23N 16,4 20Y2 1211 9/16 x I 4x 10 8 6-1/4
44 26 21 Y4 14'14 18Y2  10 9/16 x 1 4x 10  7 6-1/4
45 43/ 36/ 26/4 33'/4 20 9/16 x 1 5 x 12 13 8-1/2
46A 45/4  383N 283/, 3514 22 9/16 x 1 5x 12 14 8-1/2
S47A 544 4874 30•j 44 24 3/4 x 1-1/2 8 x 18 15 10.1/8

448 38/ 34/4 2434 311/ 20 9/16 x I 5x 12 12 8-1/2

49 37V 31 22% 28/4 20 9/16 x 1 4 x 10 11 7.1/21 50 44N 38Y4 28% 35¼, 22 9/16 x I 5x 12 14 8-1/2
51 48'• 40N 28W 371/ 22 9/16 x 1 5 x 12 14 8-1/2
52 58'4 50% 34% 46 28 3/4 x 1-1/2 8 x 18 17 10.7/8

53 41¼ 36/ 2Y4 33/ 20 9/16 x 1 5 x 12 11 8-1/2
54 41N 25!,, 241 221/ 20 9/16 x 1 5 x 12 12 8-1/2
60.4 24 163/ 163 14W 12 13/32 Din. 3 x 6 8 5-1/8
60.5 27 19 N 18U 17Th 14 13/32 Dia. 3 x 6 9 5-1/8
61 39¼,ý 25% 24% 22¼4 20 9/16 x 1 5x 12 12. 8-1/2
63 3334 21 20N• 1814 18 9/16 x 1 4 x 10 10 6-1/4
A4 43• 259 2634 22¼4 20 9/16 x I 5x 12 13 8-1/2 •
65 33/ 281/4 18% 25Y2  16 9/16 x I 4x 10 9 6&1/4

66 46" 253/4 26N• 22% 20 9/16 x I 5 x 12 13 8-1/2
69 3114 183 183/4 15Y2 16 9/16 x I 4x 10 9 6-1/4
71 60Y 353% 31 31¼/4 24 3/4 x 1-1/2 8 x 18 15-1/8 10

Dimensions subject to change without notice.

LIFT PAE WI)'. Sm"N1W

, EACH ENDUHL

PLATE A CONDITD~l QfNPEINGI A
wiTHLA KOVERcohOITOKAW.

FACENDWft& L&wV"

---- B---• C •-- B------"
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CRITTENDEN TRANSFORMER

ATELEDYNE COMPANY

WIRING DIAGRAMS
* ISi~t VhIXYAC MWi. CUJAL V@3AGIC 041. Sauou9 VLAWU Pol.

4M 4*I l11sct3WI. 
jrms l 

3wmt gc .

Aly=

F~ iffllr

*(AA) (A) (AB) (B)
,:hrA i AP :'2"6 PRaT.s

S1IL4 WINESi WI NII Willili

7X Ii I) Ii,7,,7vC' (CA) (DA) (DB)

NO WTAPS 110 APS NO TAPS

M3 "I Mi 04 o

wD aD 11 a

2#4 46o (in)

as4a~ac..~.cs..~tau. iMI4~%234



DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulated 150€c Rise

For Indoor Installation

For Outdoor Installation Specify W/P Shields

\ Wall mounting brackets are available upon request for
15 thru 30 KVA at no adcitional charge. Wall brackets
for 37Y2 thru 75 KVA are available at an additional
cost of 5%. TYPICAL CASE CONSTRUCTION:

960,4 - 15 thru 30KVA, 1 phase, 600 V. Cf.S15 thru 2SKVA, I phase, 5 KV. CI.

4-60,5 - 37% KVA, I phase, 600 V. Cl.
30 & 37tr KVA; I phase, 5 KV. Cl.

,-SCREE~NED VENT C
FRONT AND REAR

DESIGNED FOR
LIFT HOLE--- ADEQUATE COOLING

WITH SNAP-IN

SEAL BOTH ENDS REMOVABLE

FRONT AND REAR
PANELS

REMOVABLE COVER R SPACE UNDER
PLATE BOTH ENDS. CASE DE3IGNED FOR
CAN BE DRILLED FOR ADEUATE COOLIG
ANY SIZE CONDUIT
UP TO VINCLUSIVE.

TERMINAL AREA AT BOTTOM OF CASE
ASSURES WIRING COMPARTMENT
TEMPERATURE WILL NOT EXCEED
30*C. RISE ABOVE AMBIENT.

.24



CRITTENDEN TRANSFORMER

(C A TELEDYNE COMPANY

For Indoor Installatit n

For Outdoor Installation specify w/P Shields

SCREENED VENT
..W WITH SNAP-IN FRONT AND REAR

SEAL BOTH ENDS DESIGNED FOR
ADEQUATE COOLING

REMOVABLE
FRONT AND REAR

REMOVABLE COVERPANEL
PLATE BOTH ENDS.
CAN BE DRILLED FOR
ANY REQUIRED AIR SPACE UNDERCONDUIT SIZE. AISPEUNE

CO I SE 
CASE DESIGNED FOR

MOUNTING FOOT WITH-1 ADEQUATE COOLING

EASILY ACCESSABLE TERMINAL AREA AT BOTTOM OFCASE
MOUNTING HOLES ASSURES WIRING COMPARTMENT

TEMPERATURE WILL NOT EXCEEC
30'C. RI5E ABOVE AMBIENT

.25.



DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulated 150°c Rise

For Indoor Installation

For Outdoor Installation Specify W/P Shields

OIL. FILLED CUTOUTS
GANG OPERATED

r V, FEED THN
0 G.E. BUSHINGS

SPACE111,90jI RD
TO REMOVEIUs PLUG

V~ENTILATED C

HVU ENTPAN4CE
ir O EACH END

KV OWARTE.

m

MEMO A .Nr ,Uu

rRONT RA

-F "--L .V. ENTRANCESI "'°1=*"'__ • ] WI WTH BLANKCOVER

~NH 4
D B

% -I MTG. HOLES
4 RJ*A=

-.26.
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~ CRITTENDEN TRANSFORMER

ATELEDYNE COM'ANY

CORE SUPPORT

CORE CLAMP

COIL SUPPORT
TOP &. BOTTOM

LIFTING STRAP

Ill*4SRPCR LM

C C COIL SUPPORT

TOP5ITTOMTERMINAL BOARD

COREBOLTTERMINAL LUG PAD.

TOTALLY 130LATED ARE SUPPLIED FOR THE FULL LOADMONTN BOT AMLDERES CIGOFRESCHIORNSFORMER

UNISORBEXPANDED METAL

[ ~ MOUNTIN4G FOOT

.27



DRY TYPE TRANSFORMERS
For Lighting & Power Service

Class H Insulated 150°c Rise -'

CORE SUPPOOTP
TOPT& BOTTO 

T

CORE CLAMP •r

COCOIL SUPPORT
TOP & BOTTOL

LIFTING 3TRAP

CORE[ CLAMP

COILl SUPPORT • .7f TERMINAI..LUG PAC

TOP & BOTTOM SJOLDERLeSS COMPRESSION LUO5

ARE SUPPLIED FOR THE FULL LOAD
CORE BOLT AMPERE RATING FOR EACH TRANSFORMER

TOTALLY ISOLATED EXPANDED METAL

MOUNTING BOLTS SCREEN

UNISORB, .

*WSUPPORT

MOUNTING FOOT

A¶~ CRITTENDEN TRANSFORMER

ATELEDYNE COMPANY
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711 WEST KNOX STREET

GARDENA, CALIFORNIA 90245

(213) 327-0913 TELEX 67-7228

11 November 1976 MAIL P 0 BOX 560 GARDENA, CA 90247

Jaros, Baum and Bolles
1052 West 6th Street, Room 636
Los Angeles, California 90017

Attention: Mr. Paul Katzaroff

Subject: 400 Hz Power Distribution at High Voltage

Dear Sir:

Teledyne Inet will be pleased to bid on any of the following equipment which may be a
part of the U.S. Navy High Voltage 400 Hz Power Distribution System.

1. Motor generator sets, 60/400 Hz, ý,' ch are synchronous and parallelable
under load.

0a. 312 KVA/250 KW with input voltage of 480 VAC, 60 Hz and output
of 575 VAC, 400 Hz.

b. 624 KVA/500 KW with inlut voltage of 480 VAC, 60 Hz and output
of 575 VAC, 400 Hz.

c. 312 KVA/250 KW with input voltage of up to 4160 VAC, 60 Hz and
output voltage of up to 4160 VAC, 400 hz.

2. Frequency changers, solid-state type, 60 to 400 Hz in power range from 75
KVA to 312 KVA and with input and output AC voltages in range from 120/
'208 VAC to 4160 VAC.

-. 3. Power transformers, 3-phase, 400 Hz- step up, 575/4160 VAC in KVA ratkngs
from 125 to 1500 KVA.

4. Power transformers, shielded, low impedance types, 400 Hz step down, 4160
VAC to 120/208 VAC in power ranges from 30 KVA to 500 KVA.

5. Line drop compensators for passive reactive compensation in KVA ratings from
30 to 500 KVA.

S6. Line voltage regulators, 3-phase, 400 Hz for active regulation of 400 Hz
power lines in power ratings from 30 KVA to 500 KVA.



.Jaros, Baum and Bolles 11 November 1976
Mr. Paul Katzaroff Page two

7. Low voltage power lines and plugs, adapted to supply aircraft with 3-phase,
115/200 VAC, 400 Hz power.

8. Switchgear assemblies, 400 Hz to provide coordination between power gen-
eration and load equipment.

S9. Control panel assemblies for control and monitor of 400 Hz power plant gen-

eration and load centers.

Enclosed herewith are literature and photographs illustrating the range of products avail-
able from Teledyne Inet.

Very truly yours,

- Assistant Product M ager

Power Conversion Equipment

MFB:Jrm

Enclosures



... PIONEERS IN PRECISE POWER

( SOLID-STATE 400 HZ 17 KVA LINE VOLTAGE REGULATOR

The Teledyne inet 400 Hz 17 KVA Line Voltage Regulator is a solid-state device with impor-
tant features and design parameters not available in previous magnetic-type units, including:

Presents fixed impedance to power source with small effect on power source stability

• Fast response--40 millisecond full recovery

, Small size-16 x 20 x 8 Inches

• Light weight--less than 95 pounds

High efficiency--97% at full load

" No measurable Input or output voltage distortion5 " Short circuit proof with sufficient short circuit current to open a 150 Amp breaker

. •Extremely low airborne and structure-borne noise

"Line drop compensation adjustable 0 to 7%

Load rating--0 to 17 KVA, at any power factor

Input power--] 15 VAC :5%, single-phase, 400 Hz

* Output power--115 VAC :1/2%, single-phase, 400 Hz

Output current--0 to 150 Amps

No phase shift with load; three units can be Y or A connected for 150 Amps, three-
phase, three- or four-wire

The excellent characteristics of the Teledyne Inet Line Voltage Regulator are achieved by. a
combination of solid-state analog voltage detection with solid-state digital switching. T6 "
output voltage is constantly maintained within * 1/2% of nominal regardless of changes in the
input voltage, load or temperature by the continuous addition of sufficient voltage to the In-
coming power, either in phase or 1800 out of phase.

Buck or boost voltage is supplied by the digital switching section, or solid-state tap changer,
in discrete 1/4% steps and at a switching rate of 400 cps. As a result, the output is a smooth
sine wave regardless of changes in input voltage, output load or temperature.

Optionally, a solid-state Line Voltage Monitor con be incorporated into the Line Voltage Regu--
lator to monitor output line voltage transients exceeding ±15% of nominal voltage. When these

Svo~ltnge limits are exceeded for a period of 45 milliseconds minimum to 70 milliseconds maximum
the monitor, using stored energy, trips a remote shunt trip breaker in the load line.

"711 WEST KNOX STREET a GARDENA, CALIFORNIA 90248 a (213) 327-0913 TELEX 67-7228
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.. - .GENERAL. A serious problem inherent in the use of -400 Hz Power*Sys-
-A.ems is voltage droop experienced as a-result~of load -and/-or-distr-ibution
*-cabling between a '400 Hz 3-phase power source and the load. T his

-droop may reach values-as great as 20% ofthe-.ominal -line-voltage. -tip
.-.to 90% of this loss may be caused by reactive drop in the cable, -the bal-
zance being resistive (IR) cable loss. The voltage droop increases-with

V -load current for any fixed cable length-and increases-with cable -length.

k Ain an application where a branching distribution system -is-used. -the
-problem of individual voltagcmp'stn cno-e solved by the-use
--of N.voltage boost"s -techniques,-n the generator r-egulator,-since these -

-4eGhniques-depend~o±,_c1tz ioad or average load sensing. The problem
-,-becomes particularly severe, and these-methods of solution less satis-
J.actory where multiple loads with widely varying individual -load cable

- Aengths are encountered. ---- - --

ý,ft alternative solution to *voltage-boostu in-the regulator -has been- the
_.attemnpted use of motor driven-autotransformers in the 4oad-l ines. -The --

-.ýdisadvantages of this approach are~the slow-r-esponseztime, -and--he-snerr
-e-cessity for sensing and error voltage, (motor drive) generation. 'The - --

-4 - -additional components and circuitry that become necessary lower the --

zystem -reliability appreciably.-as-well as-provfiding-unsatisfactory-
sp eed of -response -to load changes. .

-As-u solution to the problems of the-above discussed techniques;'Tel-
edyne I]net perfected a -passive compensation rmethod lbat does -not de--

-- pend-,onzload -sensing -and 'is-accordingly free of -the usual problems '

-,,ncountered in sensing and -responding to -oad changes.-

-.1. TELEDYNE INET PASSIVE COMPENSATION. 'The-incorporation of-a--
- -compensating device in each load line tnat eliminates reactive voltage

drop rather than merely sensing and c-ompensating -for~it greatly simp:-
-1-iies the problem of regulationat-the load -point. The compensation
-circuit corrects not only for the reactance-in load lines but also of the

4 -generator which is the power source. -This-combined with the sensing.
- -crcuit and control of the generator regulator -provides simple and rel-

ijable c6ntrol -on voltage at the load.---

-311. NOMINAL SPECIFICATION FOR A'PASSIVELY COMPENSATED 400 HERTZ
SYSTEM.

f A. ý-Number-of individual load lines: -Ascnany-~as -required- -

B. Load Point Regulation: + 3% maximum regardless of multiple loads
-or load cable length.

t- -C. -Individual Load-Cable L~ength: Up to 350 feet. -On 115/200 -VAC -

Up to 1200 feet on 575 VAC.



IC Nominal load voltage 120/208VAC.

E. Load Size: Up to 200 KW.

F. Load Power Factor: 0.7 to unity.

IV. ADDITIONAL SYSTEM ASPECTS.

A. Reli,kbility. The reliability, defined as the mean-time-betvween-
failure (MTBF) is in excess of 100.000 hours for the compensators.
System reliability is limited by the MTBF of the motor generator or
solid-state frequency converter-

B. Maintainability. Depending on installation -criteria, maintenance
access to components of the compensator is through as hinged
front panel. Due to the passive nature of the.device, however,-
maintenance should rarely, if ever, be required.

[ C. Input Voltage. In installations where a long central distribution
bus is required, a step-down transformer-can be incorporated in
the compensator, allowing the use of.a higher distribution voltage.
This approach can save considerable installation cost because of
"the use of smaller wire and/or bus duct. Any input voltage from

W 120/208 to 575 or 1000 VAC can be accommocated. as can either
three- or four-wire, wye or delta.

V. 4,00H4ERTZ PASSIVE LINE DROP COMPENSATION -

A. SCOPE. This Specification describes a development of Teledyne
h et used to eliminate reactive line losses (line drop) encountered
in the generation and distribution or 400 Hertz.power. This sys-
tem is applicable to installations having known fixed or incremen-
tally variable load distribution cables, either single or multiple.

B. SYSTEM DESCRIPTION. Normal load cable configuration used
in the distribution of 400 Hertz power can create a line voltage

........ ................ drop of up-to 10% of:nominal voltage in worst case configurations .... .,
with high current loads. In cases where multiple loads are con-
nected to a single power source, particularly when the load is
significantly different in the different load cables, an attempt
to correct for line drop by sensing total load current, or aver-
aging the load point voltages or currents, can result in severe
over- and/or under-voltage conditions in one or more of the mul-
tiple load lines.

The passive line drop compensator, being connected in eacb load
line and completely independent of all other load lines, compen-
sates for losses only in its own load cables, eliminating any inter-
action problems with other loads operating from the same source.

-2-



( The line drop compensator consists of various reactive elements
interconnected in such a manner that when applied to a 400 Hertz
power cable, the compensator effectively makes that cable appear
to the power source as a negligible series resistance, rather than
an appreciable reactive series load. The compensator may be
placed at any point in the load cable that is-convenient to the in-S~stallation.

Once the LDC is adjusted lot the cable length, no further atten-
tion is necessary to the solid-state unit. Short circuit protection

As provided for the LDC.

In many applications the compensator may be designed to include
a step-down transformer to change 575 or 1000 VAC to 120/208
VAC or any other combination of voltages.

C. TELEDYNE INET LINE DROP COMPENSATOR. Compliance with
the voltage regulation at the load points is demonstrated. In cal-
culations with various load combinations on the system. Calcul.- .
ations were made with the aid of a Hewlett Packard Model 9100B .• -

computer-c;3!culator specially programmed to make the vector
calculations of the specific system.

(The line drop compensator has many advantages over the variable
transformer or induction type regulator. The most important of
these advantages are the unspecified electrical quality parameters
which may render the system unusable using equipment presentlyspecified.

I. Transient Voltage Recovery - The transient response of the
line drop compensator, due to the nature of the circuit, will

be less than one-half cycle, therefore the response of the
system will be that of the generator-regulator (approximately
0.2 seconds no load to full load). The transient response of
the other system will be I to 3 seconds or worse.

. 2. Unbalanced Loads - The line drop compensator minimizes the

voltage unbalance due to load unbalance in the distribution
system because each individual line is compensated separate-
ly, whereas the induction regulator corrects for the average
drop of the three phases. Hence, under conditions where
load current is not the same in the three lines, the line drop
compensator will hold the specified voltage regulation ant! the
induction regulator will not.

3. Other mechanical advantages of the line drop compensator in-
clude:

-3-



II
a. Less space required (up to six line drop compensators

assembled in one cabinet approximately 36" W x 24" D
It.x 80" H).

b. Only one input cable installation required from the
generator.

c. Only the 3-wire input and 3-wire output cables required.
No control cables or remote sensing cables required.

d. The line drop compensator is fully solid-state with no
moving parts.

Figure 1 is a one-line diagram of the voltage regulation at the load points
of a typical installation (substation #2 has the highest ratio, longest run
to shortest run and will be used for this example). The computer anal-
ysis was made to determine what voltage would be present at load con-
soles under the most extreme conditions of load which could be connected

to the distribution system, within the system rating. The computer pro-
gram makes a complete calculation of all voltage drops, phase shifts, and
the voltage boost response of the generator.

* The following is a description of each of the component voltage vectors
as shown in Figure 2:

A. Generator. The generator vector will be assigned a voltage -
vector of 575 V'at an angle of 60 (575/ 0°)/ This is the no
load adjusted voltage.

B. Regulator. The regulator vector will be assigned a voltage
vector of 3.0 Vat an angle of 1800 (3/ 180°). This is the

-.value of the voltage regulation no load to full load (+ 0.5%)
and the magnitude will be assumed to be linear with gener-
ator load.

C. Boost Circuit. The boost circuit is adjustable from 0% to 5%
and will be assigned a voltage vector of X volts at an angle
of 00 (X/ 00). This X vector is adjusted to the requirements
of the distribution system and is not changed after initial ad-
justment. The magnitute of the vector also is linear with the
generator load.

D. Line Drop Compensator. The line drop compensator vector
magnitude is adjustable in increments of 3.25 V to 6.5 V from
10 volts to 42 volts (at full load). The efficiency of the line

drop compensator is assumed to be 95%. Its vector is capaci-
tive in nature. The line drop compensator senses the branch
current and so the voltage vector angle is affected by the
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power factor of the load. The magnitude of the vector I-s Ii-
near with branch load. The line drop compensator vector"
will be assigned a voltage vector of Y/ -92.860 + 0. Y Is
determined by the length of the distribution lines and branch
load and 0 equals the arc COS e (COS 0 = Power Factor).

E. Distribution Cable. The distribution cable losses are large-
N ly reactive and can vary widely depending on the physical

layout of the cable in conduit. A value of 10:1 reactive or
.05 + i.5 ohms/100 ft is assumed for these calculations. Ac-
tual drops measured on similar distribution are much lower.
This vector is assumed linear with distance and load and is
affected by load power factor. The distribution cable vector
will be assigned a voltage vector of Z/95.5 0 + 0. Z is deter-
mined by the length of the distribution cable and branch load
and 0 equals the arc COS 0 (COS 0 = Power Factor).

TF. Transformer Regulation. The transformer impedance Is
-stated as 2% maximum and is assumed linear with the load

, on the transformer. The regulation of the transformer at
-full load as reflected to the primary is 12 volts. It is assumed
that this voltage is opposite to the main voltage, which Is a
worst case assumption. The voltage vector will be 12/ 1800.

f The no load turns ratio (600: 120) of the transformer can then be used
to reduce the voltage at the load point to the use voltage. The specific-
ation for this voltage is 115/200 + 2% or the line-to-neutral voltage be-

Stween 112.70 and 117.30 V.

The goal of the compensation components of the system is to minimize
the voltage variations with load at the various load points of the system.'
In Figure 2 the resultant vector is equal to the generator vector (A)
and therefore is an ideal case with 0% regulation. Table 1 sets 'up sev-
eral different load-conditions on the distribution system (Ref. Figure

All sample loads are within the line drop compensator continuous
rating and the total load on the motor generator does not exceed 125%
of full rated load. All loads on one branch are of the same power factor
to simplify the computer program. The line-to-neutral voltages recor-
'tded in Table 2 correspond to the load conditions of Table 1. All adjust-
ments and distances for the sample calculations are indicated in Figure 1.

As can be observed from the data in Table 2, all load points stay well
within the voltage regulation tolerances for any of the load conditions
used.

Any typical load profile for the distribution system which can be forwar-
ded to Ine. will be analyzed with the same program and returned for your

( informatien. Any number of loads within the unit ratings can be toler-
ated as shown in load conditions 8 and 9. The limit of the system is the.
generator KVA rating.

-5-
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